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In  order  to  achieve  the  objectives  of  this  project  it  is  neceeeary 
that  the  final  technical  report  present,  as  accurately  aa  possible,  the 
movement  through  the  atmosphere  of  the  debris  from  Operations  BUST® 
and  JAMGLJB  and  the  distribution  of  the  settled  particles  at  the  earth's 
surfs. over  the  United  States. 

A  tremendous  mssber  of  reports  were  collected  by  several  agencies, 
and  many  of  these  were  in  apparent  contradiction  of  each  other. 
Interpretation  required  a  study  of  the  capabilities  and  handicaps  of 
the  various  collecting  and  measuring  instruments  and  of  the  operating 
procedures,  all  of  which  are  published  elsewhere  and  which  would  be 
too  voltadmus  to  include  except  in  summary  fora  in  this  report. 

Further  information  is  available  in  reports  issued  by  the  agencies 
which  developed  end/or  used  the  instruments.  The  interpretation  also 
involved  a  study  of  the  complex  meteorological  processes  which  are 
cortinually  at  work  in  the  atmosphere.  However  the  weather  observation 
network  is  not  dense  enough  to  provide  the  answers  to  all  questions. 

Tabulated  rev  data  are  seldom  interesting  or  informative,  yet  it 
was  felt  that  tha  repo,,  ts  should  be  shown  on  charts,  to  convey  better 
then  words  the  problems  faced  by  the  analysts,  and  more  importantly, 
to  permit  those  persons  whose  Instruments  were  individually  affected 
in  seme  way  by  the  presence  of  debris  to  analyse  their  situations  in 
greater  detail. 

A  siniavaa  of  routine  meteorological  description  has  been  included, 
since  it  adds  little  to  the  understanding  and  such  to  the  bulk  of  the 
report.  Except  Ions  are  made  in  those  cases  in  which  the  meteorological 
factors  had  peculiar  effects  on  the  transport  of  the  debris  end  idiich 
contribute  information  which  may  aid  in  the  operation  of  the  Atomic 
Energy  Detection  System. 

It  should  be  noted  by  those  who  have  occasion  to  convey  inf ores ti on 
to  the  general  public  that  the  appendix  to  this  report  contains  all  the 
Information  on  the  distribution  cf  particles  at  ground  level  and  ia 
classified  RESTRICTED  when  separated  from  the  body  of  the  report. 


ill 


ACKNOWLEDGMENTS 


This  project  was  in  a  large  part  dependent  upon  other  agendas 
for  data  which  were  taken  in  the  routine  operations  of  those  agencies 
or  for  special  purposes  in  connection  with  Operations  BUSTER  and 
JANGLE.  In  all  cases,  the  contributions  of  data  ware  accompanied  by 
valuable  assistance  and  suggestions  for  which  the  authors  are  very 
grateful. 

The  program  of  surface  and  low  altitude  air  sampling  was  conducted 
by  personnel  of  the  New  York  Operations  Office  of  the  AEC.  Merrii 
Eisenbud,  Project  Director  for  that  organisation  kindly  contributed 
their  data  so  that  the  project  would  have  the  advantage  of  more  infor¬ 
mation  and  so  that  correlation  of  all  of  the  data  by  one  group  might 
produce  a  single  reliable  picture.  Valuable  aid  in  the  interpretation 
of  their  data  wme  furnished  by  Mr.  Eisenbud,  William  Harris,  John 
Harley,  end  Daniel  Lynch  of  the  N.Y.O.O. 

-ne  Air  Force  Special  Weapons  Conaand  collected  the  data  of  the 
early  cloud  movement.  Lt.  Col.  Paul  H.  Fackler,  In  cnarge  of  cloud 
tracking,  and  Major  Travia  M.  Scott,  as  haad  of  the  SWC  Plotting  Room, 
provided  their  personal  assistance  in  directing  the  gathering  and 
interpratation  of  data. 

The  cloud  height  data  were  obtained  through  the  efforts  of  the  Air 
Weather  Service  detactaent  at  the  Teat  Site,  Lt.  Col.  Eugene  Karstens 
in  command.  Tha  analysis  and  forecasting  taction  of  the  detachment, 
working  under  Dr.  George  P.  Ores mean,  from  Hq.  Air  Weathar  Service, 
provided  the  forecast  trajectories  and  some  of  the  meteorological  data 
which  wore  necessary  to  plan  the  tracking  operation  ana  to  interpret 
tha  results. 

Mu-py  of  the  facilities  of  the  10C9th  Special  Weapons  Squadron  and 
the  Air  Weather  Service  were  used  for  the  collection  of  data  and  its 
subsaquant  analysis.  Prominent  in  their  contribution  are  the  members  of 
the  Air  Weather  Service  detachment,  Lt.  Col.  Lcuis  Bertoni  in  charge, 
on  duty  with  the  1009th  SWS.  The  detachment  provided  the  meteorological 
planning  for  the  Interception  of  the  debris  at  great  distances  from  the 
Site,  and  furnished  many  of  the  meteorological  work  charts  which  were 
used  in  the  correlation  of  data.  ct.  Col.  Ralph  Clary  of  the  Technical 
Analysis  Division,  1009th  SWS  provided  valuable  <-ssistar.ee  in  inter¬ 
preting  radiological  data  from  all  sources. 

The  research  assistants  of  the  f  pedal  Projects  Section  of  the  U.S. 
Weather  Bureau  gave  Invaluable  assistance  in  tabulating  data,  in  perform¬ 
ing  many  of  the  laborious  computations,  and  in  preparing  the  figures  for 
this  report. 


iv 


CJWBfTS 


POMCF .  ill 

iOOKMUDOBOBTS .  iT 

LIST  or  ILLOS11ATIORB .  t1 

ABSTRACT .  lx 

craft*  i  ursoDocnci .  i 

1.1  ObJoatiVU .  1 

1.2  Rlatotleal  Background .  1 

1.3  Charaetariatlea  of  Atcmio  Clouds .  3 

chaptb  2  nnunriL  piocxoobis .  5 

2.1  Inatimantation  .  5 

2.2  Oparatlant  . .  7 

cmpm  3  nxsniiBcmoa  or  radiqactivi  okis .  10 

3.1  MW  Abl*  .  10 

3.2  BUBLUL  lakar  .  .  .  . .  13 

3.3  BUSTS  Cbarlia .  28 

3.1  BOST*  Dog  .  39 

3.5  KBIB  *aay  .  31 

3.6  JUS*  Sarfftoo .  ?0 

3.7  JAWU  Dndarground .  do 

CHAPTO  A  FALLOUT  MCKLTCRIBG  AT  THE  GROW .  10A 

A.l  Introduction  . 10A 

1.2  Kffoet  of  Pruclpltation  an  Ground  Concoct ration  10% 

1.3  Variability  of  Radioactivity  Maaaurad  at  tha 

Ground  . . 106 

1.1  XxtraMS  of  Ground  Contaa  lnatlaa  . .  108 

CHATTXR  $  COHOOSIORS  AMD  RXCCMKMDATiaB .  110 

5.1  Dataction  of  Foraign  kxplosiona .  110 

5.2  Orouna  Contamination .  112 

APPODH  A  DATA  FROM  TKK  FALLOOT-RORITCRIRO  WtfVORI .  113 

T 


ILLUSTRATIONS 


CHAPTER  3  DISTRIBUTION  Of  RADIOACTIVE  DEBRIS 

3.1  Trajectory  of  Primary  Cloud,  BUSTER  Able  v  .  .  .  .  II 

3.2  Areas  of  Debris  at  8,000  Feet  froo  BUSTBR  Ahlu  .  .  12 


3.3  Initial  May nt  of  th«  BUSTER  Baker  Cloud  ....  16 

3.6  Trajectories  of  Primary  Cloud,  BUSTBR  Baker  ...  1? 

3.5  Plotting  Model  for  Long-Range  Plight  Let*  ....  18 

3.6  LARK  BAKER  SPECIAL  1,  29-30  October  1951  ....  19 

3.7  LARK  BAKER  SPECIAL  2,  30  October  1951 . 20 

3.8  LARK  WILLIAM  1,  30-31  October  1951  . 21 

3.9  LARK  WILLIAM  2,  31  October  1951 . 22 

3.10  LARK  WILLIAM  3,  33  October  1951 . 23 

3.11  Tiee-Altitude  Croe«  Section  at  84th  Meridian  for 

Baker  and  Charlie  .  24 

3.12  Areas  of  Debris,  400  mb,  1800  OCT  31  0:tober  1951.  25 

3.13  Areas  of  Debris,  500  mb,  1800  OCT  31  October  1951.  26 

3.14  Areas  of  Debris,  700  mb,  1800  OCT  31  October  1951.  27 

3.15  Initial  Movement  of  the  BUSTBR  Charlie  Cloud  ...  31 


3.16  Trajectories  of  Primary  Cloud,  BUSIER  Charlie  .  .  32 


3.17  LARK  CHARLIE  SPECIAL  1,  31  October  1951 . 33 

3.18  LARK  WILLIAM  4,  1  Norwber  1951 . 34 

3.19  LARK  WILLIAM  5,  2  Normber  1951 . 35 

3.20  Areas  of  Debris,  400  ab,  1800  OCT  1  Morse  be  r  1951.  36 

3.21  Areas  of  Dabria,  500  mb,  1800  OCT  1  Noreeber  1951.  37 

3.22  Areas  of  Debris,  700  mb,  1800  OCT  1  Novsmber  1951.  38 

3.23  Initial  Mo  eminent  of  the  BUSTER  Dog  Cloud . 40 

J.2A  Trajectories  of  Primary  Cloud.  BUST**  rv>»  ....  41 

3.25  AARK  WILLIAM  6,  2  November  1951 . 42 

J.26  LARK  WILUAM  7,  7  -3  Noreeber  1951 . 43 

3.27  LARK  WILLIAM  8,  7-3  Noreeber  1951 . 44 

3.28  LARK  WILLIAM  9,  3  Novmber  1951 . 45 

3.29  Ties -Altitude  Cross  Section  st  84th  Meridian  for 

Dog . 4b 


3.JO  Areas  of  Debris,  400  mb,  1900  GOT  2  November  1951.  47 

3.31  Areas  of  Debris,  500  mb,  1800  OCT  2  Noreeber  1951.  48 

3.32  Areas  of  Debris,  700  mb,  1800  OCT  2  Noreeber  1951.  49 


3.33  Primary  Clouds  from  daker,  Charlie,  and  Dog, 

1800  OCT  2  Noreeber  1951 .  50 

3.34  Initial  Movement  of  the  BUSTBR  Easy  Cloud  ....  56 

3.35  Trajectories  of  Primary  Cloud,  BUSTER  Easy  ....  5? 

3.36  LARK  WILL. AM  10,  7  Noreeber  1951 . 58 

3.37  LARK  WILLIAM  11,  7  Noreeber  1951 . 59 

3.36  LARK  WILLIAM  12,  7-8  November  1^51 . 60 

3.39  LARK  WILUAM  13,  8  Noreeber  1951,  first  Part  ...  61 

3.40  LARK  WILLIAM  13  8  Noreeber  1951.  Second  Part  .  .  62 


rl 


3*41  LARK  WILLIAM  14,  8-9  Noreaber  1951 . 63 

3 .42  LARK  WILLIAM  15,  9-10  NoTeaber  1951 . 6i, 

3.43  LARI  WLLI AM  16,  10-11  Nor«ab«r  1951 . 65 

3.44  Tiae-Altitude  Cro»a  Section  at  84th  Meridian  for 

Raay  . 66 

3.45  Areas  of  Debris,  400  ab,  1800  OCT  ?  No  Tea  be  r  1951  .  67' 

3.46  Areas  of  Debris,  70 0  ab,  1800  OCT  ?  Now  bar  1951  .  6fi 

3.47  Areas  of  Dabria,  400  ab,  1800  OCT  8  Konabtr  1951  .  69 

3.48  Initial  Moraaant  of  the  JAM OLE  Surface  Cloud  ....  74 

3.49  Trajactoriaa  of  Prlaary  Cloud,  JANGLE  Surface  ...  75 

3.50  LACK  WILLIAM  17,  21  Imabar  1951 . 76 

3.51  LARK  WILLIAM  18,  21-22  Noraabar  1951,  Northbound  .  .  77 

3.52  LARK  WILLIAM  18,  21-22  Noraabar  1951,  Southbound  .  .  78 

3-53  LARK  WILLI*  19,  21-22  Noraabar  1951,  Northbound  .  .  79 

3.54  LARK  WILLIAM  19,  21-22  No  real*.  -  1951,  Southbound  .  .  80 

3.55  LARK  WILLIAM  20,  21-22  Noraabar  1951,  Morthbound  .  .  81 

3.56  LARK  WILLIAM  20,  21-22  Noraabar  1951,  Southbound  .  .  82 

3.57  LARA  WILLIAM  21,  22  Noraabar  1951,  Northbound  ...  83 

3.58  LARK  WILLIAM  21,  22  Noraabar  1951,  Southbound  ...  84 

3.59  Araaa  of  Dabria,  14,000  ft,  1800  OCT  21  Norafear  1951  85 

3.60  Araaa  of  Dabria,  TOO  ab,  1300  OCT  21  Noraabar  1951  .  86 

3.61  Moraaant  of  Lcw-Laral  Dabria  froa  Surfaca  Burst  .  .  87 

3.62  Initial  Moraaant  of  the  JANC&S  Underground  Cloud  .  .  91 

3.63  Trajectories  of  Prlaary  Cloud,  JA1QUS  Underground  .  92 

3.64  LARK  NI  LI  JAN  22,  30  Borsabei^l  Deceaber  1951, 

Outbound . 93 

3.65  LARK  WILLI*  22  ,  30  Noraaber-1  Deceaber  1951, 

Inbound . 94 

3.66  LAW  WILLIAM  23,  1-2  Deceaber  1951,  fir at  Part  ...  95 

3.67  LARK  WILLI*  23,  1-2  Deceaber  1951,  Second  Part  .  .  96 

3.b8  LARK  WILLI*  24,  2  Dec  at  bar  1951,  Plret  Part  ...  97 

?.*9  bane  WILLI*  24,  2  Dacsaoor  1951,  SwmI  Part  ...  98 

3.70  LAW  WILLI*  25,  2  Deceaber  1951,  First  Far*.  ...  99 

3.71  LARK  WILLI*  25,  2  Dec  an  bar  1951,  Seoond  Part  ...  100 

3.72  LARK  WILLI*  26,  3  Deceaber  1951 . 101 

3.73  Wind  Ob  narration  for  the  Underground  Burrt . IOC 

3.74  Surfaca  Coot aal nation  froa  the  Underground  Buret  .  .  103 

APPEND H  A  DATA  PRCM  THE  FALLOUT-MOM! TORINO  XZTVCRI 

A.l  Fall  out -Moj  itoriog  Network . 115 

A. 2  -  A. 58  Airface  Distribution  of  Radioactive  Dabria 
and  Concurrent  Precipitation,  20  October 
through  15  Deceaber  1951 .  116-172 


Til 


ABSTRACT 


The  Min  portions  of  the  Baker  and  Chari ie  clouds  moved  south  - 
westward  to  the  Pacific  Ocean  and  recurved  to  spread  crrer  a  1*  rpe 
portion  of  the  United  States.  The  Do*  and  Saey  clouds  spread  south¬ 
eastward  over  the  Southern  states.  Both  UANGLa  clouos  sored  north¬ 
eastward  and  were  detected  chiefly  in  the  northern  part  of  the 
country. 


The  combination  of  vertical  diffusion  end  fallout  with  variable 
low-altitude  winds  produced  broad  bands  of  deposition  at  the  surface. 
Heaviest  surface  depositions  were  associated  with  precipitation. 

The  evidence  suggest?  that  the  particles  were  contained  in  raindrops. 
The  surface  fallout-monitoring  program  yielded  some  results  which 
oaa  not  be  adequately  explained  and  differences  were  found  In  the 


measurements  from  the  various  types  of  sampling  devices,  t  Uncertainty 
L*  tbs  significance  of  tray  end  gvmmed  paper  results  restrict  the 
usefulness  of  the  data .  '  Unusually  high  activity  at  Klko  resulted 
from  the  channeling  effect  of  'he  terrain  on  the  lower  level  debris 
in  levada. ^  \ 


■r 

It  has  neen  conclude 
elons,  that  under  ms 
g  the  Dog  test,  hi^i 


It  has  neen  concluded,  \elatlve  to  the  detection  of  foreign 
explosions,  that  under  meteorological  conditions  similar  to  those 
during  the  Dog  test,  hi^i  winds  end  little  shear,  it  would  be  poselble 
to  fall  to  intercept  an  eUsaic  cloud  1500  wiles  from  the  source  with 
routine  flights  every  18  or  2i*  hours.  The  shortcomings  of  meteoro¬ 
logical  trajectory  forecasts,  even  in  regions  of  good  data,  were 
demonstrated  In  the  Underground  test  and  some  suggestions  are  wade  for 
iwpf-oring  ths  liaison  between  forecasters  and  operations  personnel . 
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1.1  OBJKTiyi 

During  Operation*  BUSTXR  and  JAM CLX  sewn  atonic  weapons  were 
detonated  at  th*  Atomic  Snergy  Conliteion  Narad*  Tart  Sit*.  Project 

7.1  was  undertaken  to  determine  the  distribution  of  th*  airborne 
debris  f^-<*  the  tests  by  meteorological  analysis  and  by  a  study  of  data 
from  the  detection  program*.  A  knowledge  of  th*  distribution  of  th* 
debris  is  useful  in  evaluating  ha sards  to  personnel  and  fro party,  and 
in  planning  operations  for  th*  detection  and  location  of  foreign  atomic 
exp.'  .on*. 


l.l.l  ttMbrt  to  Pirfoontl  and  Property 

The  airborne  particulate  debris  is  transported  by  th* 
horizontal  wind,  but  also  has  vertical  and  hoiisontal  motions  due  to 
a  complex  combination  wind  shear,  eddy  wi,tde  (too  involved  to  treat 
other  than  by  turbulence  considerations),  greviational  fallout,  and 
falling  precipitation.  Past  experience  indicates  that  the  debris 
nay  be  carried  to  very  great  distances  and  be  deposited  on  th* 
ground  in  remote  places.  It  appears  that  th*  amount  of  radioactivity 
which  can  be  so  deposited  is  far  below  human  tolerance  except  in  the 
test  area  and  in  precipitation  within  a  few  hundred  miles  of  th*  test 
area.  However,  th*  presence  of  th*  particles  in  the  air  and  on  th* 
ground  nay  affect  sensitive  instruments  and  materials  many  thousands 

_  •  — O  —  - 

U A  mxive  mwm^  a 


1.1.2  B>\tsugp  at  lactic  SscIsiIsm 

The  planning  of  air  »nd  ground  operations  for  'he 
detection  of  debris  from  foreign  atomic  tests  must  be  based  on  reliable 
information  of  th*  characteristics  of  atonic  clouds  and  the  way  in 
which  thee*  characteristics  very  with  weapon,  tins,  distance  from  tie 
source,  and  meteorological  renditions. 


1.2  HISTORICAL  BAqQROUHS 

Although  th*  radioactive  particles  from  the  first  atonic  bomb  at 
Alamogordo  were  subsequently  detected  by  the  photographic  Industry  in 
paper  manufactured  nor*  than  a  thousand  mile#  away  from  th*  buret. 


1  • 
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only  mild  inte'ost  was  davel,  sd  in  tho  atmospheric  transport  of  debris 
until  Operation  3AND3T0NK,  when  aircraft  flttau  with  high  capacity 
filtara  pickad  up  appreciabla  quantities  of  fission  products  halfway 
around  the  earth  from  the  teat  aite.  The  U.S.  Weather  Bureau  made  a 
cooper 1  eon  of  these  cloud  location  data  with  eeeoclatad  wind  conditioned 
and  found  that  this  diop-rslon  occurred  under  normal  tropical  »*t*o.*o~ 
logical  conditione.  Some  uncertainty  existed,  following  SANDSTONE,  as 
to  tha  affects  of  the  greater  stability  and  wind  shear  of  middle 
latitudes  on  clord  height  and  distance  of  transport,  but  the  reaulte 
of  the  cloud  tracking  effort  on  Operation  RANGER*  showed  these  clouds 
to  be  proportionately  high  and  equally  pe  -ei stent  and  wide  spread.  Only 
one  to  two  d^ys  were  required  for  the  debris  from  the  Nevada  Test  Site 
to  be  carried  to  the  eastern  U.S.  where  it  wee  found  in  high  concen¬ 
tration  at  tha  levels  sampled  by  aircraft  and  at  the  ground  associated 
with  precipitation.  Just  two  weeks  were  required  for  bom  debris  to 
move  ocnpletely  arouiri  tha  world.  RANGER  particle*  were  still  faintly 
detectable  in  the  atmosphere  at  the  beginning  of  the  GREENHOUSE  teeta, 
two  months  later.  Two  clouds  from  Operation  OUBNHOU3K  were  the  fir  at 
to  penetrate  the  stratosphere.  The  upper  portions  of  theaa  wera  above 
the  oel'tnge  of  traoklng  aircraft  so  that  toe  disposition  of  debrie 
could  not  be  determined  except  in  a  very  general  way.  3  in  connection 
with  this  operation,  the  Atomic  Energy  Commission  established  a  warning 
set vice  for  the  manufacturers  of  photographic  equipment,  giving  the 
predicted  distribution  of  debria  using  cloud  tracking  information 
provided  by  Headquarters  U8AF  (AFQAT-1)  and  meteorological  trajectories. 
This  warning  service  wma  also  set  up  for  Operations  DUSTER  and  JANGLE. 

It  wae  successful  in  that  the  areas  covered  by  debrle  approximated  the 
predicted  area*,  but  the  timing  of  the  arrival  of  debrle  fro"  Opertii... 
GSSSSKX'SS  was  sssstiars  in  serious  error  due  to  the  paucity  of  upper 
sir  wind  data  in  tho  Pacific  Ocean. 


^  U.S.  Waather  Bureau,  Scientific  Services  Ihvlslon,  Track!  .ig  of 
Airborne  Radioactive  Materiel  b/  Meteorological  Methods,  Report 
of  Operation  FITZWILUAH.  Vol.  II.  Teh  A,  U.  S.  Air  Force,  1949. 
(SECRET,  RESTRICTED  DATA) 

^  U.  8.  Weather  Bureau,  Scientific  Services  Division,  Dlepoeitlon 
of  Atonic  Debris  Resulting  from  Ofora^ion  ItANurR,  Final  Ur  3.  W,  b, 
Report  on  Operation  KANWfch.  1  Decwiber  1901.  (^LCIJGT,  RESTRICTED  DATA) 

3  U.  3.  Weather  Bureau,  Scientific  Services  Division,  report  on  the 
meteorological  aspects  of  Operation  fREF.NHkA)SE  (In  ps'eparatlon) . 
(SECRET,  RESTRICTED  DATA) 


1.3  CHARACTERISTICS  OF  ATCKIC  gpUDS 

For  the  proper  interpretation  of  the  data  to  be  presented,  a 
knowledge  of  the  important  characteristics  of  atomic  clouds  is 
necessary.  Initially,  an  atomic  cloud  consists  of  a  long  slander 
"stem"  capped  by  a  broada**  "mushroom"  top.  Although  appreciable 
amounts  of  debris  are  contained  in  the  stem,  the  great  bulk  of  the 
material  is  in  the  mushroom  cap.  The  larger  particles  carried  sloft 
fall  out  shortly  after  the  explosion.  The  height  to  ttiich  the  cloud 
rises  initially  is  governed  primarily  by  the  character  of  the  buret 
and  the  stability  of  the  atmosphere. 

The  subsequent  configuration  of  the  cloud  ie  determined  by  such 
factors  as  the  size  distribution  of  the  particles  and  the  rate  at 
which  they  fall  out,  the  nature  of  the  wind  field  in  which  the  cloud 
1s  Imbedded,  and  the  manner  in  which  the  cloud  is  diffused. 

It  ie,  of  course,  apparent  that  all  of  the  particles  in  the 
cloud  will  have  some  fall  velocity.  The  larger  particles  will  fall 
to  the  ground  soon  after  the  burst,  while  the  smaller  particles 
wi.il  remain  airborne  for  long  periods.  Knowledge  of  the  else  distri¬ 
bution  and  fall  velocities  of  the  particles  is  so  incomplete  that 
only  qualitative  estimates  can  be  used. 

Similarly,  the  phenomenon  of  diffusion  is  difficult  to  treat 
in  a  quantitative  manner.  It  is  evident  that  the  ever-present 
turbulent  elements  of  the  atmosphere  will  tend  to  diffuse  the  debris 
in  both  vertical  and  horlsontal  directions.  The  extent  of  the  dif¬ 
fusion  depends  not  only  on  the  characteristics  of  the  turbulent 
eddies  of  the  atmosphere  but  also  on  the  time  and  space  scale  under 
consideration.  As  the  cloud  grows,  larger  and  larger  eddies  become 
diffusing  elements,  so  that  the  rate  of  growth  increases. 

The  movement  of  the  cloud  is  governed  by  the  wind  field.  The 
trajectory  of  the  primary  cloud,  that  portion  of  the  Initial  clc  id 
which  moves  approximately  horisontally,  unaffected  by  diffusion  or 
fallout,  can  be  competed  by  conventional  techniques  from  upper  air 
wind  and  pressure  data.  Such  meteorological  trajectories  are  natu¬ 
rally  subject  to  error,  particularly  at  levels  or  regions  where 
there  are  few  upper  air  observations.  In  general  over  the  United 
States  these  errors  average  10  percent  to  20  percent  of  the  length 
of  the  trajectory. 

Horizontal  and  vertical  wind  shears  coupled  with  fallout  and 
diffusion  are  very  effective  agents  in  promoting  rapid  horlsontal 
growth  of  the  cloud.  Alvhough  primal y  cloud  movement  and  the 
effects  of  shear  can  be  determined  quantitatively,  the  complications 
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Introduced  by  fallout  and  diffusion  aaka  it  necessary  to  use  empirical 
techniques  derived  Iron  studies  of  these  and  other  atonic  clouds  in 
determining  the  areas  affected  by  the  tests. 


CHAPTER 


EXPERIMENTAL  PROCEDURE 


2.1  IHSTRlfttENTATION 


The  cloud  movement  and  position  information  presented  in  this 
report  is  the  result  of  meteorological  dialysis,  for  which  standard 
weather,  wind,  and  temperature  data  were  used,  confirmed  and  supple¬ 
mented  by  cloud  detection  data.  The  initial  tracking  aircraft 
employed  somewhat  different  techniques  in  locating  the  cloud  than 
did  the  tracking  aircraft  operating  at  greater  distances  from  the 
Teat  Site.  Still  other  methods  were  used  to  obtain  measurements  of 
the  radioactivity  near  the  ground. 


2.1.1  Initial  Tracking 

Visual  contact  with  the  clo  .a  was  maintained  as  long 
aa  the  debris  could  be  easily  seen  f"om  airplanes.  Accurate  visual 
positioning  was  possible  up  to  three  to  six  hours  after  the  detonation, 
depending  on  the  wind  shear  and  the  amount  of  moisture  cloud  associated 
with  the  debris.  The  eye  was  unabls  to  outline  the  diffuse  edges  of 
the  material,  and  instruments  were  required  to  define  the  horlscni.il 
extant  of  diffusion. 

Measurement  of  an  increase  in  the  small  ion  concen¬ 
tration  by  the  air  conductivity  method  provided  ir-ua«diat.a  indication 
of  flight  through  or  near  the  debris.  The  equljment  used  is  able  to 
detect  radioactive  particles  at  a  horizontal  range  of  a  mile  or  more, 
permitting  cloud  tracking  without  aircraft  contamination.  Flight 
through  the  debris,  even  in  low  concentration,  results  in  deposition 
of  particles  in  the  instrument  and  on  the  okin  and  engines  of  the 
aircraft,  sometimes  raising  the  background  so  high  that  further 
detection  is  difficult  or  impossible.  Operations  were  therefore 
confined  to  outlining  the  edges  of  the  debris  by  flying  Just  near 
enough  to  obtain  a  low  reading  above  background.  The  range  of  the 
instrument  permitted  detection  of  debris  at.  altit”des  several 
thousand  feet  above  and  beli.-w  the  aircraft. 

The  scintillation  counter  has  approximately  the  same 
detection  range  «»  the  Mr  conductivity  equipment,  but  is  perhaps 
too  sensitive  to  chnges  of  concentration  for  cloud  tracking.  It 
provided  an  interesting  and  useful  check  on  the  other  instruments. 
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Although  used  primarily  for  personnel  sAfety,  OK 
Monitors  pro/od  useful  as  detectors  when  the  aircraft  flew  too  close 
to  or  into  the  debris. 

Each  cloud  tracker  airplane  was  equipped  with  the 
standard  C-l  foil  for  tho  collsction  of  particles,  and  filters  were 
changed  at  frequent  intervals,  but  the  results  were  not  available 
immediately  and  could  be  used  only  to  confirm  existence  of  debris 
in  the  flight  path. 


2.1.2  Distant  Tracking 

The  tracking  airplanes  utilised  at  greater  distances 
from  the  Test  Site  were  equipped  with  the  air  conductivity  instrument, 
a  cascade  impector,  a  G-M  tubs  with  a  rate  mater,  and  a  scintillometer, 
but  all  of  thsae  ware  of  secondary  importance  compared  to  the  high- 
capacity  C-l  air  filter.  The  C-l  foil  contains  two  filters,  right 
and  left,  each  having  one  square  foot  of  exposed  area,  mounted  so  that 
two  indepr  .dent  samples  can  ba  taken.  The  airflow  through  each  was 
about  1000  cubic  feat  per  minute  for  the  filter  material  used. 
Collection  efficiency  was  over  90  percent  for  particles  down  to  sub¬ 
micron  siss. 


Normally  filters  were  changed  alternately  every  fifteen 
minutes,  allying  a  thirty-minute  exposure  for  each  filter.  When 
marked  changes  in  altitude  were  made,  filters  were  changed  more 
frequently. 


filters  wore  counted  at-  the  air  base  after  a  minimum 
waiting  period  of  five  houre,  which  allowed  for  same  decay  of 
natural  radioactivity.  In  the  text  and  figures  of  this  report,  all 
counta  pertaining  to  the  long-range  detection  flights  are  those 
obtained  at  the  counting  time  converted  to  a  coonon  base  of  counts 
per  minute  per  half-hour  exposure.  The  conversion  of  these  data  to 
absolute  units  depends  upon  the  rate  of  sampling  and  therefore  upon 
the  speed  and  altitude  of  the  airplane,  on  the  characteristics  of 
the  particular  bomb,  and  on  the  cha.acteristic*  of  the  counter. 
However,  an  approximation  of  the  disintegrations  per  minute  per  cubic 
meter  of  iir  can  be  obtained  by  dividing  the  counts  per  minute  par 
half-hour  exposure  by  ninety.  Thi"  conversion  'actor,  in  eon*  cases, 
is  in  error  by  a  factor  of  two  or  three. 


2.1.3  Surface  .Sampling  Equipment 

For  the  detection  and  campling  of  debrie  at  tha  ground 
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three  principle  item*  of  equip&ent*  were  used 


i 

A  shallow  tray  baring  8.75  equare  f set  of  surface  was  I 

wourtsd  In  in  exposed  position  and  kept  vat  with  a  fraction  of  an  inch 
of  water.  A/ ter  exposure,  the  wets  -taa  filtered  and  the  filter  wee 
ashed  and  count jd.  The  process  of  ashing  and  counting  was  also  used 
with  a  1.1  square  foot  gimaed  paper  which  was  exposed  nser  the  ground . 

A  few  of  these  gtsMsd  papers  were  used  to  produce  radioautographs. 

The  third  sampling  device,  used  at  only  a  few  stations 
was  tbs  standard  air- flits  ring  equipment  used  fay  the  Health  and  Safety 
Division  of  the  Atonic  toergy  Cosadssion.  It  has  a  capacity  of  20 
cubic  feet  per  adnute  through  a  four-inch  #41  Whatman  disc. 


2.2  OFBUTIOWB 


Satisfactory  documentation  of  the  history  of  dispersion  of  the 
pillar  of  dust  and  bonb  debris  should  have  included  slnultansoua 
■ensure— 1»  of  concentration  at  a  very  great  —bar  of  points 
throughout  the  cloud,  repeated  -t  frequent  intervals  during  the 
period  of  its  travel.  This  being  economically  impractical,  tracking 
operations  wars  designed  around  available  aircraft  and  equipment. 

The  work  fell  naturally  into  four  separate  operations:  determination 
of  the  Initial  cloud  dimensions;  determination  of  the  ■orient  of 
the  clouds  within  a  few  hundred  miles  of  the  Site;  determination  of 
the  cloud  width,  and  the  concentration  of  debris,  primarily  over  the 
seat era  part  of  the  United  States;  end  determination  of  the  concen¬ 
tration  of  fallout  at  the  surface  over  the  country.  These  gave  a 
few  essential  facts  which  could  be  used  by  the  project  meteorologists 
to  reconstruct  an  approximate  history  of  cloud  travel. 


2.2.1  Measumt  o£  Plwjl  PlTfff+HMI 

The  Air  Weather  Service  Detachment  at  the  Control  Point 
determined  the  initial  height  end  width  of  significant  portions  of 
the  cloud,  using  a  theodolite.  Located  at  a  known  distance  (10  to  15 
adlaa)  from  Ground  Zero,  the  instrument  was  employed  to  obtain  the 
elevation  and  aalmutta  angles  to  each  prominent  cloud  feature.  Tri¬ 
angulation,  using  appropriate  corrections  for  cloud  drift,  gave  the 
heights  end  widths. 
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U.S.  Atomic  Energy  Collision,  Mew  Tork  Ope  re  Mon*  Office,  Badlo- 
active  Debris  from  Operations  BUSTER  and  JAggfc  Observations  Beyond, 
200  Kllsifr-u  the  Test  Site.  MTO-1576  .  29  January  1952.  (SHOOT) 
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i.3.2  MUil  Cloud-  Tracking  1  'Derations 


The  Air  Force  Special  Weapon*  Grrind^  with  the  aid  of 
aircraft  and  craw*  from  the  Air  Weather  Service  Weather  Reconnaieance 
Squadrons,  followed  the  debris  by  airborne  instruments  out  to  a  distance 
of  500  miles  from  the  Site  or  until  it  was  suspected  that  the  radiation 
was  no  longer  hasardous.  Although  three  aircraft  were  available  for 
thie  operation,  only  one  or  two  were  normally  used  00  a  single  cloud. 
However,  all  three  were  used  for  the  Easy  cloud.  Om  plane  we a  in  the 
air  near  the  31te  for  each  detonation  and  followed  the  cloud  visually. 
Instrument  tracking  was  accomplished  by  circling  the  active  region, 
making  periodic  turns  toward  the  cloud  until  instrument*  indicated 
above  background,  then  turning  away  and  proceeding  to  another  position 
on  the  cloud  perimeter  where  the  process  was  repeated.  This  succession 
of  point  locations  was  radioed  back  to  the  Control  Point  where  they 
were  plotted  on  a  control  panel  for  the  information  of  tha  Tast  Director 
and  Project  personnel.  The  second  end  third  planes  were  sometimes 
celled  to  relieve  or  eesiet  the  first  in  tha  tracking  operation.  At 
no  time  did  these  aircraft  measure  the  maximum  activity  of  the  clouds, 
although  the  instruments  occasionally  deflected  full  scale.  Kmmspt  in 
the  JAMCU  series,  the  maximum  activity,  the  mushroom,  was  always 
several  thousand  feet  above  the  operating  altitude  of  the  aircraft, 
fifteen  to  twenty- five  thousand  feet.  Thus,  for  BUSTER,  the  tracking 
aircraft  followed  not  the  maximum  activity  of  tha  cloud,  nor  the  low 
level  debris  which  offered  the  greatest  ha sard  to  persons  on  the  ground, 
nor  usually  even  the  core  of  the  cloud  at  any  single  altitude  (due  to 
the  great  sensitivity  of  the  instruments),  but  only  the  edge  of  the 
fallout  curtain  which  trailed  below  the  higher  portions  of  the  cloud. 
This  obviously  complicated  the  task  of  fitting  the  novaeMnt  into  that 
indicated  fay  meteorological  trajectories,  but  wee  useful  for  outlining 
the  broad  path  af  th«  debrla. 

The  data  obtained  by  the  initial  cloud-tracking  operations 
are  not  included  in  this  report  but  are  tabulated  in  the  Technical  Air 
Operations  Report,  by  the  Special  Weapons  G  ism  and;  however,  based  on 
these  data  maps  were  made  showing  the  initial  movement  of  each  of  the 
clouds  and  are  shown  in  the  appropriate  sections  of  Chapter  3. 


2.2.3  long- Range  Cloud-Tracking  2ac*Ugai 

Ins  1009th  Special  Weapons  Squadron,  with  the  aid  of 
additional  units  from  the  Air  Weather  Service  Reconnaissance  Squadrons, 
conducted  air  sampling  operations  from  Robins  Air  Force  Base,  Oeorgla, 


5  USAF,  Special  Weapon.  Command,  Technical  Air  Operations  Report 
fer  BU3TRR-JAMG1E .  (SECRET,  RESTRICTED  DATA) 
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prlMrll;  along  the  84th  meridian.  These  flights  are  denoted  by  < 
code  name  LARK  WILLIAM.  The  planes  were  dispatched  on  the  basis  i 
meteorological  predictions  of  the  cloud  trajectory.  These  planes 
passes  through  the  cloud  as  it  progressed  across  the  meridian,  bul 
again  the  major  portion  of  the  activity  mss  usually  above  flight 
altitude,  and  all  flight  altitudes  were  well  above  the  surface.  I 
few  flights,  termed  LAM  BAKER  SPECIAL  and  LARK  CHARLIE  SPECIAL,  < 
made  southward  and  south  westward  from  Sacramento,  California,  to 
the  clouds  which  moved  in  that  direction. 


All  data  obtained  from  these  long-range  detection 
flights  are  included  in  this  report.  Mepe  containing  the  data  f 
each  flight  are  included  in  Chapter  3  in  the  di ecu tel on  of  the 
appropriate  buret. 


2.2.4  Surface  Sampling  Operations 

The  AEC,  lew  fork  Operations  Office,  with  the  aid  ol 
0.3.  Weather  Bureau,  installed  fallout  treys  andgummsd  papers  at 
stations  in  the  United  States  for  Operation  BUSTER,  and  10  more  f( 
Operation  JARSLE.  Ten  of  the  original  fifty  were  located  near  tin 
64th  meridian  and  ware  equipped  with  high-volume  air  sample  re.  A] 
samples  were  taken  over  a  24-hour  period.  3m plea  were  air  mails! 
nearby  AEC  installations  whore  thsy  were  counted.  These  data  wen 
assembled  and  tabulated  at  the  AEC  lew  York  Operations  Office.”  ] 
office  also  operated  six  mobile  ground  stations,  end  during  BWBI 
made  a  few  low-level  filter  flights  along  the  95th  meridian.  The 
personnel  and  portable  equipment  for  the  mobl  t  stations  wars  flow 
locations  predicted  to  be  under  the  cloud  of  debris.  Those  teems 
exposed  treys  end  gummed  papers,  usually  for  12-hour  periods,  amd 


of  the  airborne  cloud. 


The  data  from  the  ASC-Weether  Bureau  network  of  fall 
monitoring  stations  are  included  in  Appendix  A  of  this  report.  A 
data  from  the  noblle  stations  and  the  low-level  flints  have  beam 
used  in  the  preps  re  tier,  of  the  report  but  in  general  have  not  beam 
Included.  These  data  are  given  in  the  New  York  Operations  Office 
Report. 


U.  S.  Atomic  Energy  CoMission,  ££•  cit. 
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primarily  along  ths  84th  msridian.  These  flights  are  denoted  by  the 
code  naat#  LAM  WILLIAM .  The  planes  were  dispatched  on  the  basis  of 
msteorologlcal  predictions  of  the  cloud  trajectory.  Tnese  planes  aade 
passes  through  the  cloud  as  it  progressed  across  the  meridian,  but  here 
again  the  major  portion  of  the  activity  was  usually  above  flight 
altitude,  and  all  flight  altitudes  were  well  above  the  surface*  A 
few  flights,  tamed  LAW  BAKER  SPECIAL  and  LAW  CHARLIE  SPECIAL,  were 
made  southward  and  south  westward  from  Sacramento,  California,  to  cross 
tha  clouds  which  moved  in  <hat  direction. 

All  data  obtained  from  these  long-range  detection 
flights  are  included  in  this  report.  Nape  containing  the  data  from 
each  flight  are  included  in  Chapter  3  in  the  discussion  of  the 
appropriate  burst. 


2.2.4  Surface  Sampling  Operations 

The  ABC,  New  fork  Operations  Office,  with  the  aid  of  the 
U.S.  Weather  Bureau,  installed  fallout  tray*  end  gummed  papers  at  $0 
stations  in  the  United  States  for  Operation  BUSTER,  and  10  mors  for 
Operation  JAN OLE.  Ten  of  tha  original  fifty  ware  located  near  tha 
84th  meridian  and  were  equipped  with  high- volume  air  samplers.  All 
samples  ware  taken  over  a  24-hour  period.  Smplee  were  air-mailed  to 
nearby  ABC  installations  where  th^  were  counted.  These  data  were 
assembled  and  tabulated  at  the  A1C  New  York  Operations  Office.”  This 
office  also  operated  six  mobile  ground  stations,  and  during  BUSIER, 
made  a  few  low-level  filter  flights  aloeg  the  95th  meridian.  The 
personnel  and  portable  equipment  for  the  mobile  stations  were  flown  to 
locations  predicted  to  be  under  the  cloud  of  debris.  These  teams 
exposed  trays  and  gamed  papers,  usually  for  12-hour  periods,  end 

iA4a4  mm4  mwvMmumm  1  »my»  aMiplmm  d’ifiSJ  iftmm  fkm  pa a  aCM 

of  the  airborne  cloud. 

The  data  from  the  ABC -beat  her  Bureau  network  of  fallout 
monitoring  stations  ere  Included  in  Appendix  A  of  this  report.  The 
data  from  the  mobile  stations  and  the  low-level  flights  have  been 
used  in  the  preparation  of  tha  report  but  in  general  have  net  been 
Included.  These  data  are  given  in  the  New  York  Operations  Office 
Report. 


&  U.  S.  Atomic  Energy  Comission,  2P-  clt. 
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CHAPTER  3 


DISTRIBUTION  Of  RADIOACTIVK  DKBRI3 


3.1  BUST®  ABLB 

Detonation  of  this  weapon  occurred  on  a  100-foot  tower  At  1400 
GOT  22  October  1951,  At  About  4300  feet  Above  see  level. 


3.1.1  lalUftl  Cloud  Dimensions 

Only  six  minutes  wrs  required  for  the  BUSTS  Able 
cloud  to  reach  its  stxlw  height  of  8000  feat  Above  see  level.  At. 
which  time  the  base  of  the  aushrocn  was  At  6700  feet.  As  the  cloud 
aoved  eastward  over  and  beyotd  the  first  rants  of  hills  additional 
lifting  and  settling  occurred  so  that  the  height  varied  between 
about  8000  feet  and  10,000  feet.  At  eight  minutes  after  detonation 
the  cloud  width  was  5100  feet.  A  shallow  cloud  of  duet  reaching  a 
height  of  shout  300  feet  Above  the  ground  was  raised  near  the  tower. 


3.1.2  Initial  Cloud  Track 

Beta  and  gw  activity  was  sc  low  in  this  cloud  that 
the  treoklng  airplane  waa  unahle  to  aaka  any  aeasnrunts.  After 
following  it  visually  f-.*  about  an  hour,  long  enough  to  deteralne 
its  initial  direction  or  notion  with  accuracy,  the  tracker  returned 
to  bees. 


3-1.3  vooe-aaiute  Claud  rath 

There  were  no  long-ra.ige  detection  flights,  figure 
3.1  shows  the  trajectory  of  the  top  of  the  cloud,  i.e. ,  et  8000  ft 
nsl.  Positions  sre  shown  at  6-hour  intervals,  and  the  tins  is 
indicated  daily  for  the  0000  OCT  position.  This  path  was  determined 
entirely  fro*  the  observed  winds  at  lavela  near  tie  top  of  the  cloud, 
"he  srees  shea  in  figure  3.2  represent  the  approximate  distribution 
of  the  materia,  in  the  upper  pert  of  the  cloud,  »ay  rroct  6000  to 
10,0C0  feet,  at  1300  GCf  -n  four  successive  days  He^iivJ.r,  22  October 
1951.  til  iUsion,  espe<  ■vliy  over  the  Rocky  Mountains,  is  assumed  to 
have  spread  the  cloud  upward  to  about  the  10,000- foot  Is . j1 .  It 
ehou-i  be  'japbasiKad  that  the  areis  shown  are  only  .’•prrojdjaate  since 
they  *re  tv  »ed  on  a  meteorological  trajectory  which  is  subject  to 
error,  and  rn  an  estimated  rate  of  spread. 
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flf-  3.1  Trajectory  of  the  Primary  Cloud  frcra  BUSTER  4bl« 


Or/j  Fer>t  fro r.  9'JSTER  Able 


3.1.4  Distribution  of  Radi oactlvs  Debris  at  tbs  Ground! 

Dus  to  the  Absence  of  detectable  bet*  end  gaassa 
radiations  from  ti<e  debris  of  this  cloud,  no  ground  contest  nation 
is  attributed  to  it.  Mo  measurements  of  possible  alpha 
con  teal  nations  were  available. 


3.3  BUffEPt  BAB P 

Detonation  of  the  weapon  occurred  at  1520  OCT  28  October  1931. 
The  weapon  was  dropped  froa  an  airplane  and  the  detonation  altitude 
was  determined  to  be  3400  feet  mal  (1100  feet  above  the  (round). 


3.2.1  Initial  Cloud  Dimensions 

The  Baker  aloud  reached  a  aa rises  height  of  about 
31.700  feet  aal  in  1$  ninutaa.  The  mushroom  was  broken  up  in  riding 
the  final  few  hundred  feet  and  the  reddish- brown  bosb  debris  appeared 
to  exist  in  moderate  concentration  fns  13,000  fast  to  tha  cloud  top. 
Balov  this  height,  an y  brownish  debris  was  obscured  by  the  thick  gray 
dust  colusa.  Mo  observations  ware  aade  of  nushrocm  width. 


3.2.2  £2*1  X&Sfc 

The  movsmant  of  the  debris  toward  tha  southwest  ia 
illustrated  in  Figure  3.3.  Lines  are  ahem,  outlining  the  leading 
edge  of  measure bio  radioactivity  at  ana-hour  intsrvals.  Tha  leading 
edge  was  the  highest  portion  of  the  cloud,  since  wind  speeds  iucreeaed 
with  altitude  to  above  tha  top  of  tha  mushroom.  As  the  airborne 
inatrusents  respond  only  to  activity  within  a  couple  of  thousand  fast, 
vertioally,  and  tha  airplane  was  at  about  20,000  fast,  the  progression 
v*  tin  higher  pufugoi  waa  determined  by  visual  observation  and  meteoro¬ 
logical  trajectories.  The  slower  air  flow  at  low  altitudes  reseated  in 
a  trailing  of  debris  back  almost  to  the  Tast  3dLta,  Moat  of  tha  dabrla 
moved  through  tha  area  indioatsd,  except  the  very  lowest  portion  of 
the  cloud,  which  was  carried  so  slowly  that  it  may  have  been  subjected 
to  a  somewhat  different  wind  field  before  it  reached  the  coast.  Although 
this  was  the  portion  of  the  cloud  which  offered  the  greatest  ha  sard  to 
personnel  at  ground  level ,  it  was  not  ♦  racked.  Tha  tracking  airplane 
completely  circled  a  portion  of  the  cloud  at  2U,  000  feet  at  2030  GOT. 

It  is  probable  that  this  was  the  main  clcud  stem  at  and  near  this 
altitude.  The  diameter  of  the  slice  was  about  13  nautical  alio*, 
representing  a  mean  rats  of  increase  of  the  diameter,  to  that  point, 
of  about  three  knots.  This  rats  compares  well  with  similar  aeasure- 
ments  on  other  cloud  . 
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3.2.?  Long-Kangy  Cloud  Path 


Th#  long- range  trajectories  for  the  Baker  cloud  are 
shown  In  Figure  3./*.  liach  trajectory  represent#  the  movement  of  the  » 

primary  cloud  at  a  particular  level.  These  trajectories  are  based 
on  aeteorologlcal  data  anti  on  the  results  of  the  detection  flights. 

It  can  be  seen  that  at  700  afc  (approximately  10,000  feet)  and  at  all 
higher  levels  the  primary  cloud  curved  around  the  low  pressure  centwr 
off  the  coast  of  Southern  California  bafore  crossing  the  United  State*. 

This  low  was  nearly  stationary  and  was  well  developed  to  elevation* 
abov*  the  cloud  top.  Sceie  of  the  uaterial  in  the  lowest  few  thousand 
feet  moved  farther  westward  over  the  Pacific  and  did  not  return  to 
the  United  States  until  many  day*  later.  Also,  as  is  indicated  by 
the  splitting  of  tha  500-mb  trajectory  in  the  vicinity  of  the  low 
center,  it  is  believed  that  some  of  th*  matarial  at  this  and  probably 
at  other  levels  remained  within  the  cyclonic  circulation  for  perhaps 
another  day  before  moving  inland  with  th*  low  center. 

Th*  plotting  model  for  data  from  all  long-range  detection 
flights  is  given  in  Figure  3.5.  The  first  flights  psrtinsnt  to  th* 

Baker  do**d  were  tha  two  LARK  BAKES  flights  shown  in  Figures  3.6  and 
3.7.  Th*  high  activity,  particularly  that  ancountared  on  th*  first 
cf  thaee  flights,  was  probably  dua  to  fallout  from  higher  levels. 

The  first  LARK  WILLIAM  flight  (Figure  3.8)  detected  no  activity  above 
background.  Th*  northern  pert  of  this  flight  was  either  Just  ahead 
of,  or  mors  probably  one  or  two  thousand  fast  below,  tha  faet-wovir** 
upper  portion  of  tha  cloud.  Tha  LARK  WILLIAM  flights  2  and  3  ( Figures 
3.9  and  3.10)  each  mad*  two  passes  through  th*  debris  from  the  Baker 
cloud.  These  four  passes  through  th*  cloud  occurred  within  a  four- 
hour  period  and  were  all  at  different  level#.  At  non#  of  thee*  level*, 
from  10,000  to  25,000  feet,  did  the  aircraft  pass  completely  through 
the  cloud.  However,  it  is  fait  that  th#  area  of  highest  activity  was 
intercepted  at  each  of  th*  levels,  since  th*  air  Just  a  few  miles 
north  of  the  turning  points  of  the  flights  had  an  entirely  different 
trajectory  than  the  air  cortaining  th#  radioactive  debris.  There  was 
probably  no  radioactive  debris  from  this  burst  north  of  i*3°W . 

With  tl»#  aid  of  detection  datA  from  th#  LAKK  WILLIAM 
flight*  and  meteorological  trajectories  at  th#  standard  isobaric 
levels  a  time-altitude  cross  section  (Figure  t.ll)  was  drawn  depictir^ 
th#  axis  of  the  cloud  as  it  passed  th#  8i»th  meridian.  In  addition  to 
th*  Bakvr  cloud  the  Charlie  cloud  (see  Section  3>?)  is  shown,  since 
it  reached  the  flight  line  short jy  after  the  Baker  cloud.  It  should 
be  msphasised  that  this  diagram  at  all  times  pertain*  to  th*  latitude 
where  th*  higheot  concentrations  at  the  ttLth  meridian  occurreo.  For 
example,  th#  cores  of  both  cloude  passed  the  flight  line  initially 
at  around  L0°N,  while  thv  highest  cone entrat ions  on  the  next  d«y  were 
found  *t  around  35°H.  In  the  figure  the  detection  data  is  denoted 
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only  as  to  order  of  magnitude  by  the  appropriate  hatching.  Thu  circles 
represent  the  primary  cloud  at  the  standard  meteorological  levels.  The 
heavy  line  joining  the  circles,  'lien,  represents  the  core  of  the  cloud. 
This  core,  at  least  in  the  layer  through  which  the  mushroom  initially 
extended,  probably  contained  concentrations  of  more  than  1,000,000  cps 
per  half-hour  flight.  Linas  denoting  a  moderately  high  concentration 
(10,000  cpm)  and  a  concentration  (200  cpm)  above  the  general  background 
prior  to  the  bursts  are  shown.  Except  in  the  vicinity  of  actual 
detection  data  these  lines  are  only  approximate.  The  concent veil  on  in 
the  lowest  few  thousand  feet  was  inferred  from  the  data  at  higher 
levels  and  especially  from  the  AEG  air  filter  data  at  the  ground, 
given  in  Appendix  A.  As  will  be  discussed  Later  the  ground  detection 
was  complicated  by  many  factors  and  is  hard  to  interpret.  Nevertheless, 
air  filter  stations  nsar  the  flight  line,  particularly  Cincinnati, 
provided  useful  information.  At  this  station  there  was  an  indication 
of  decreasing  residual  activity  from  the  third  Russian  burst  prior  to 
the  arrival  of  the  Baker  material  at  the  ground.  Then,  on  the  filter 
exposed  from  0750  OCT  1  November  to  0640  OCT  2  November,  a  count  of 
570  d/m/meter^  was  observed,  showing  the  arrival  at  the  ground  of  very 
high  concentrations  of  radioactive  debris  sometime  during  that  period. 

For  the  Baker  burst  and  for  the  rsmsintng  bursts  as  well, 
an  ettwpt  has  been  made  to  delineate  the  areas  of  radioactive  material 
at  several  upper  levels  at  or  near  which  there  were  detection  flights. 
Figures  3.12-3.14  show  maps  of  the  Material  for  1800  OCT  31  Novemba'- 
at  the  400-d  500-  and  700-mb  levels,  respectively.  Again  isollnes 
for  10,000  cpm  and  for  200  cpm  are  shown.  These  areas  were  determined 
by  extrapolating  detection  data,  by  means  of  meteorological  trajectories, 
ahead  or  backward  in  time  to  1600  OCT  on  the  31st.  Meteorological 
trajectories  from  the  buret  sits  and  estlaates  of  fallout  and  diffusion 
were  else.-  used  in  determining  these  areas  of  contamination.  Sxcspt 
near  the  flight  line  these  areas  must  be  considered  as  rough  approxi¬ 
mations  only.  The  areas  occupied  by  the  Charlie  cloud  at  this  time 
at  the  three  levels  are  also  shown. 


3.2.4  Distribution  si  RfrU  9*^*7  Dob rle  ii  tja  Orouad 

Debris  from  the  Baker  burst  first  appears  on  the  map  of 
ground  contamination  far  29  October  (Figure  A. 11)  over  California, 
with  a  vary  high  concentration  at  Santa  Marla,  which  was  very  nearly 
beneath  the  path  of  the  cloud  at  most  upper  levela.  The  contaminated 
areas  in  the  eastern  part  of  the  country  and  in  the  extreme  Northwest 
are  from  the  third  Russian  burst  and  are  generally  associated  with 
rainfall. 


On  the  next,  day,  as  shewn  In  Figure  A.  12,  the  sample 
collected  at  Topeka,  Kansas,  between  0800  OCT  30  October  and  0400  OCT 
31  October  represents  about  the  farthest  eastward  position  of  the 
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Tit.  3*3  Initial  Moranant  of  th«  BU3TBR  Balrar  Clood.  Da  to  nation  at 
1520  OCT  28  Octobar  1951;  Kdn  haight,  31,700  'aat. 
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Tig.  3.9  UM  WILLIAM  2,  31  Octob#r  1951 
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Oebris  at  r.n  (>'*,000  F»et;  at  1W  OCT  31  October  1951 


Pi^.  3.13  Areas  of  Radioactive  Debris  at  500  mb  {IP, 000  Peetj  at  1800  OCT  31  October  1951 


r>a  31  October  1951 


Baker  debris  at  the  groi^'i.  Ttna  debrJ  n  was  undoubtedly  brought  do*«i- 
ward  In  the  light  precipitation  that  occurred  during  the  sampling 
period,  Thu  radioactlvi ty  found  at  stations  east  of  the  Mississippi 
River  >*»  very  probably  fro*  the  Rub  alar,  burst. 

In  figure  A. 13,  the  map  for  31  Octcber,  the  exact 
differentiation  of  material  from  Baker,  Charlie,  and  the  Russian 
buret  ie  impossible,  but  it  is  probable  that  the  belt  of  high 
concentrations  ir.  the  )■>. t  of  the  country  was  due  to  a  mixture 

of  debria  from  the  Baker  and  Russian  bursts,  idiile  that  in  the  central 
and  western  parte  represented  a  mixture  of  material  from  Baker  and 
Charlie.  The  surface  distribution  on  this  day  corresponded  qul.e 
wall  to  the  distribution  at  the  700~ab  level,  shewn  in  figure  3H. 

Oh  the  let  and  2nd  of  huvmiber  many  areas  of  high 
concentration  were  reported,  but,  again,  the  material  could  not  be 
identified  as  to  burst. 


3.3  gUMS 

The  third  weapon  of  this  series,  an  air  drop,  was  detonated  at 
about  5400  feet  msl  (1100  feet  above  the  ground)  at  1 500  OCT  30 
October  1951. 


3.3.1  IftttW  CJL2UJ  EiajQjlonf 

The  cloud  reached  12,000  feet  above  the  surface  in  one 
minute  and  climbed  to  its  maximise  altitude  in  less  than  12  minutes. 

The  muahrocm  spread  so  rapidly  and  the  cloud  moved  so  nearly  over 
the  theodolite  that  H  was  impossible  to  determine  the  height  accurately 
The  best  estimate  from  all  of  the  data  seems  tc  be  about  Cl, 000  feet 
for  the  top  and  27,000  feet  feu  the  base  or  tne  mushroom.  Eleven 
minutes  after  the  explosion,  the  width  of  the  mushroom  was  about  15,000 
foot.  A  column  of  dust  and  debrit-  trailed  down  to  the  surface,  and 
this  became  distorted  by  the  wind  shear. 


3.3.2  Initial  &gad  Ir*SA 

figure  3.15  shown  the  outline  of  the  cloud  at  one-hour 
intervals,  as  determined  by  aircraft  data  and  meteorological 
trajectories.  An  unusual  wind  condition  existed  over  the  test  ares 
at  and  following  detonation  time,  1  deep  low  pressure  system  lay 
off  the  ooast  near  San  Disgo  with  a  very  marked  trough  or  shear  lina 
extending  from  this,  lew  aiorth  east  ward  across  Southern  Nevada.  This 
trough  lay  to  the  norti.vest  of  th.  feat  Site  from  ths  surface  to 
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12,000  feet  and  to  the  southeast  of  th«  Site  fro*  13,000  to  35,000 
feet.  This  situation  gave  southwest  winds  in  the  lower  levels  and 
northeast  winds  above.  Thus,  the  main  pert  of  the  debris  was  carried 
southwestward,  with  a  naxUnns  speea  of  32  knots  at  2&,000  feet.  Above 
36,000  feet,  the  shear  line  was  again  northwest  of  the  Site  so  that 
the  top  of  the  cloud  moved  toward  the  northeast.  For  two  hours  after 
the  burst  the  visible  cloud  was  a  spiral,  originating  at  the  Site, 
where  a  near  cal*  existed  near  the  ground,  l'hie  spiral  is  shown  in 
Figure  3.1J  by  the  ieochrones  for  1600  md  1700  OCT.  The  highest 
part  of  the  cloud  could  not  be  tracked  after  it  was  no  longer  visible. 
It  and  the  lowest  part  were  tracked  for  only  about  three  hours.  The 
first  flight  to  track  the  cloud  southwest  of  the  Site  aborted  after 
4-1/2  hours  and  the  second  tracker  was  unable  to  make  its  way  around 
the  cloud  to  track  the  forward  portion.  The  leading  edge  after  fire 
hours  therefore  must  be  considered  only  approximate.  The  dotted  lints 
show  the  trailing  edge  of  activity  in  the  neighborhood  of  the  flight 
altitude,  20,000  feet,  as  determined  by  the  second  tracker. 


3.3.3  Long-Range  Cloud  Path 

The  path  of  the  Charlie  cloud  at  Intermediate  levels, 
froa  13,000  feet  to  36,000  feet,  was  fairly  similar  to  that  cf  the 
Baker  cloud  in  that  it  first  had  a  southwestward  course  before 
heading  eastward.  However,  as  indicated  in  the  discueslor  of  the 
initial  cloud  characteristics,  the  top  of  the  cloud  and  »\so  the 
lowest  part  aoved  with  an  eastward  component  from  the  start.  The 
trajectories  for  this  cloud  are  shown  in  Figure  3.16. 

The  LARK  itHART.TR  SPRCTAT  Rt  oure  ’.l?  showed 

only  background  activity  off  the  coast  of  Southern  California. 

This  Indicates  that  at  flight  levels  uncontaminated  air  had  moved 
in  behind  the  lew  center,  which  was  moving  northeastward.  The  first 
detection  of  the  Charlie  cloud  along  the  84th  meridian  was  made  at 
20,000  feet  on  the  southbound  leg  of  LARK  WIILIAM  FOUR,  shown  in 
Figure  3*18«  The  10,000-foot  legs  of  this  flight  detected  moderate 
concentrations  of  radioactive  debris  irtilch  might  have  been  from  the 
Charlie  cloud  but  which  were  more  probably  from  the  Baker  cloud.  The 
20,000-foot  detection  on  this  flight  occurred  through  a  fairly  broad 
belt  with  two  peaks  of  more  than  100,000  cpm.  This  double  maximum 
ie  quite  different  from  the  narrower,  sir^ie  j«ak  of  activity  found 
for  the  Baker  cloud. 

The  different  paths  followed  by  the  debris  at  the  300-*b 
level  and  at  the  40O-mb  level,  as  shown  in  Figure  3.16  suggest  the 
explanation  of  the  dor^le  .-laximuin.  The  <00-mb  trajectory  crossed  the 
flight  line  at  43°N,  not  fer  from  the  nor  them  peak  activity.  Probably 
thie  peak  was  caused  by  debris,  originally  above  ihe  100-ssb  level,  which 
moved  along  a  path  similar  to  that  of  the  TOC-mb  trajectory  until  It 
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had  been  carried  farther  to  cha  north  than  the  lower-level  debris.  If 
this  material  had  a  gradual  downward  motion,  bringing  it  to  the  20,000- 
foot  level  near  the  flight  line,  it  could  account  for  the  northern 
peak  in  activity. 

The  southern  maximum  occurred  near  the  intersection  of  the 
400-mb  trajectory  with  the  flight,  line  and  only  a  few  houra  after  the 
primary  cloud  at  thia  level  had  passed.  Thus  thii  activity  can  be 
attributed  to  a  primary  cloud  for  the  2u, OOO-foot  level  or,  better,  to 
material  that  had  fallen  only  a  few  thousand  feet  before  reaching  the 
flight  line.  This  is  an  excellent  example  of  the  spreadir^  of  a 
contaminant  in  the  atmosphere  by  the  combined  effects  of  the  wind  shear 
with  height,  and  vertical  motions. 

The  passage  of  the  core  of  the  Che  'lie  cloud  at  the  84th 
meridian  is  ahewn  with  the  Baker  cloud  in  Figure  3.11.  As  with  the 
Baker  cloud,  the  inferred  times  of  passage  of  the  primary  cloud  at 
various  levels  and  the  nature  of  the  fallout  curtain  seem  reasonable. 
Data  from  the  LARI  WILLIAM  FIVE  flight  (Figure  3.19)  show  that  fairly 
strong  concentrations  of  material  occurred  at  least  in  the  layer  from 
5,000  to  15,000  i  iet.  This  debris  is  probably  from  the  Charlie  cloud, 
but  could  be  a  mixture  cf  material  from  Baker  and  Charlie.  Similar 
concentrations  were  found  in  these  levels  on  the  Initial  climb  of  the 
LARI  WILLIAM  SIX  flight,  shown  in  Figure  3.25  with  the  discussion  of 
the  Dog  cloud. 


Figures  3.20,  3.21  and  3.22  depict  the  areas  covered  by 
the  Charlie  and  other  clouds  at  400,  500,  and  700  mb  at  1800  GOT  1 
Movamber.  The  considerable  extant  of  moderately  high  concentrations 
from  the  Charlie  cloud  is  perhaps  more  apparent  on  these  figures  than 
cm  the  maps  of  the  individual  detection  flights.  This  spreading  stems 
from  the  large  difference  in  the  wind  speeds  and  directions  at  various 
levels,  shown  by  the  spread  of  the  trajectories,  coupled  with  vertical 
diffusion  and  fallout.  Lateral  diffusion  at  a  particular  level  would 
not  result  in  a  spreading  of  this  magnitude. 


3.3*4  Distribution  of  Radioactive  Debris  at  the  Ground 

Certainly  much  of  the  arterial  collected  at  the  ground 
during  the  week  following  this  burst  was  from  the  Charlie  cloud,  but 
thm  presence  of  debris  from  other  bursts  made  it  impossible  to 
attribute  any  individual  sample  to  a  particular  curst.  A  further 
discussion  of  the  mixing  of  debris  from  Baker,  Cnarlle,  ana  Dog  clouds 
is  given  in  3.4.“. 
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Trajectories  of  the  Prir.ary  Cloud  fron  BUSTER  Charlie 


I 


ng,  3.19  LA U  WILLI  AK  5,  2  Hormbr  1951 
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Fig,  3.20  ^r°a3  of  Radioactive  .jefcris  at  ■'/ r  rb  (24, 000  Feet)  at  1ROC  fr37  1  Kover.ber  1951 


37 


n<r>  "*.21  Areas  of  Radioactive  Debris  at  500  mb  (1P,000  Feet)  at  1W  Ool 


Areas  of  Radioactive  Debrio  at  500  mo  {IP, 000  Feet)  at  1?00  '£?  1  :.over. ber 


3.4  BUSTER  DOG 


Detonation  of  the  fourth  BUSTER  weapon  occurred  at  1530  OCT  1 
Movember  1951.  The  weapon  •  *  dropped  fro*  an  airplane  and  exploded 
at  5600  feet  msl  (1400  feet  euove  the  ground). 


3.4.1  Initial  Cloud  Dimensions 

The  cloud  reached  a  maximum  height  of  4^,000  feet  with 
the  base  of  the  mushroom  at  31>000  feet  nal.  A  reddlah-brown  column, 
assumed  to  be  largely  boab  debris,  was  observed  from  17,000  feet  to 
the  mushioam.  The  part  of  the  cloud  origin?,  ily  ir.  the  mushroom  was 
rapidly  stretched  out  by  the  wi.no  shear  through  that  layer,  eo  that 
It  wee  12  nautical  miles  long  lb  minutes  after  the  explosion. 


3.4.2  Initial  Cloud  Track 

Analysis  of  the  cloud  position  reports  and  of  wind  data 
over  the  area  covered  by  the  cloud  made  it  possible  to  reconstruct 
the  progression  of  the  cloud  at  one-hour  intervals  for  nine  hours, 
as  shown  in  Figure  3.23.  The  topmost  part  of  the  cloud  moved  south¬ 
eastward  and  then  eastward  at  an  average  speed  of  75  knots,  passing 
over  Alamogordo,  Mew  Mexico,  7-1/2  hours  'ter  detonation.  This 
portion  was  too  high  to  be  tracked  by  air,  .ft  instruments,  but  the 
meteorological  trajectory  was  quits  well  established.  The  portions 
at  roughly  25,000  to  30,000  fest  followed  the  same  path  but  at  slower 
speeds.  The  15,000-  to  20,000-foot  layer  moved  southeastward  and 
continued  in  that  direction.  The  tracking  aircraft  remained  at 
20,000  feet  and  provided  an  outline  of  the  cloud  at  that  altitude. 

The  northern  (and  higher)  pert  01  the  colvan  was  widened  by  fallout 
from  the  mushroom,  but  the  southern  part  was  not  enlarged  except  by 
the  effects  of  directional  shear  and  diffusion.  The  increase  in 
diameter,  measured  front  to  back,  may  be  considered  due  to  diffusion 
alone,  and  represents  a  mean  rate  of  growth  of  the  diameter  of  about 
three  knot a. 


3.4.3  Long-Range  Cloud  Path 

Figure  3.24  shows  the  trajectories  of  the  primary  cloud 
at  the  indicated  ieobaric  surfaces.  It  is  seen  that  at  the  upper 
levels,  500  mb  and  above,  the  portions  of  the  cloud  moved  along 
approximately  the  same  path  with  high  speeds,  fanning  out  only  after 
reaching  the  eautem  part  of  the  United  States.  The  lower- level, 
slower  part  of  the  primary  cloud,  on  the  other  hand,  moved  farther 
south  and  passed  over  the  Gulf  of  Mexico. 
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fig.  3.23  Initial  Movwwnt  of  the  BUST®  Dog  Cloud.  Detonation  at 
1530  GCT  1  lowBbar  1951;  aaylam  haigbt,  44,000  faat. 


(MWm*)  3MnS~3)M 


Fig.  3.29  tocl«  Cross  Ssctlon  at  ths  84th  Msri&an  for  Dog 


The  concentrations  of  radioactive  debris  detected  on  the 
aircraft  flights  along  the  84th  meridian  are  shown  in  Figures  3.25  - 
3.28.  The  high  activity  at  25,uOO  feet  shown  in  Figure  3.^5  can  be 
positively  associated  with  the  Dog  cloud. 

Figure  3.29  is  a  time  cross  section  for  the  Dog  cloud  of 
debris  similar  to  Figure  3.11.  It  is  seen  that  the  duration  of  the 
passage  of  the  iebris  at  20,000  feet  and  above  ic  relatively  short. 
This  results,  primarily,  from  the  high  speed  and  the  directness  of  the 
movement  of  the  upper  portions  of  the  cloud  from  the  teat  area  to  the 
84th  meridian. 


Figures  3.30,  3.31,  and  3.32  outline  the  debris  at  400 
mb,  500  mb,  and  700  mb,  respectively.  These  figures,  together  with 
Figures  3.12-3.14  and  3.20-3.22,  show  the  positions  of  the  Baker, 
Charlie,  and  Dog  clouds  at  the  same  three  levels  at  1800  GOT  on  three 
successive  days.  Of  interest  in  the  area  delineations  for  the  Dog 
cloud  is  the  tilt  of  the  core  southwestwsrd  from  400  mb  to  500  mb  and 
the  tremendous  increase  in  the  area  of  contamination  as  the  elevation 
decreases.  The  presence  of  the  debris  from  the  Baker  and  Charlie 
clouds  at  700  mb  is  also  evident. 


3.4.4  Distribution  of  Radioactive  Debris  at  the  Ground 

Figure  3.33  shows  the  position  of  the  primary  clouds 
of  the  Baker,  Charlie,  and  Dog  debris  at  1800  GOT  2  November  1952 
as  obtained  from  Figures  3.4,  3-16,  and  3.24.  The  lower  portion  of 
each  cloud  (below  700  mb)  could  not  be  followed  reliably  by  meteoro¬ 
logical  techniques  but  probably  trailed  off  to  the  west  as  suggested 
by  the  dashed  line.  Diffusion  and  fallout  must  have  extended  the 
area  cots red  by  each  cloud  in  the  lower  levels  a  -onsirierauie 
distance  on  each  side  of  the  i:ore.  This  fleure,  together  with 
Figures  3.29  and  3.32,  shows  that  it  is  difficult,  if  not  impossible, 
to  distinguish  the  Baker,  Charlie,  and  Dog  debris  at  levels  below 
about  10,000  feet  over  much  o'  the  southern  and  eastern  United  States. 
It  is  thus  apparent  chat  most  of  the  radioactivity  measured  at  the 
ground  during  this  period  (about  1-4  November)  cannot  reliably  be 
attributed  to  a  partic>fi«.r  burst. 


3.5  BISTER  EAST 


The  detonation  of  the  atomic  weapon  for  DUBTtR  Easy  occurred  at 
I63O  QU't,  5  November  1^51.  It  was  exploded  at  about  5500  feet  msl 
(1300  feet  above  the  ground). 


3. 5.1  Initial  Cloud  Cimenalona 


A  theodolite  located  at  Nellla  Air  Force  Baee  f or 
observation  of  this  cloud  provided  a  reliable  report  of  50,000  feet 
'  >r  the  maximum  cloud  altitude.  The  cloud  reached  this  elevation 
12  minutes  after  burst  time  and  was  very  nearly  over  the  Control 
Point  by  the  time  it  stopped  rising.  An  almost  complete  separation 
of  the  mushroom  from  the  stem  occurred,  with  the  base  of  the  mushroom 
at  about  35,000  feet  and  the  top  of  the  stem  at  about  20,000  feet. 

A  tenuous  dust  veil  connected  the  stem  to  the  mushroom. 


3.5.2  Initial  Cloud  It'  Sk 

At  the  time  of  '  lis  explosion,  north-northeasterly 
winds  existed  over  -he  Test  'its  from  the  surface  up  to  12,000  feet, 
changing  with  altitude  to  northerly  and  northwesterly  above  16,000 
feet.  The  main  portion  of  the  boob  debris,  the  mushroom,  moved 
south-southeastward,  turning  toward  the  east-southeast  after  50  to 
150  miles.  The  debris  in  the  lower  stem  fanned  out  toward  the  south 
and  southwest  and  was  tr-cked  for  only  four  nours.  The  cloud  outlines 
in  Figure  3.34  are  given  at  one-hour  intervals  for  seven  hours.  The 
analysis  is  based  on  wind  data  and  on  radiological  reconnaissance 
flights  that  Intercepted  no  radioactive  debris  ahead  of  the  estimated 
positions,  thereby  delineating  the  forward  limit  of  the  cloud. 

Tracking  airplanes  were  not  able  to  fly  high  enough  to 
sample  the  mushroom  portion  of  the  cloud,  but  they  ware  able  to 
follow  the  upper  portion  of  the  duet  cloud  and  the  fallout  curtain 
from  the  high-level  material.  At  about  2200  OCT  one  aircraft  en¬ 
circled  a  portion  of  the  cloud  at  18,000  feet.  It  was  concluded,  from 
the  low  activity  encountered  and  from  the  position,  that  most  of  the 
pirt.1  r.l am  in  fM?  cloud  h*d  fallen  or  diffused  downward  fres  who 
auahrocu. 


3.5.3  Long-Banae  Cloud  Path 

figure  3.35  shows  the  meteorological  trajectories  in 
connection  with  this  test.  The  debris  below  20,000  feet  curved 
clockwise  over  California  before  moving  eastward.  Ths  path  of  this 
material  is  illustrated  by  the  700-  end  300-mb  trajectories.  The 
path  of  the  high-level  material  Is  illustrated  by  the  400,  300,  200 
and  150-mb  trajectories. 

A  great  deal  of  the  atmosphere  over  the  United  States 
north  of  30°I  was  contaminated  up  to  et  least  25,000  fset  by  previous 
bursts.  As  a  result,  material  that  started  from  the  Test  Site  below 
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20,000  fart  beoams  nixed  with  oldar  debrie.  Therefore,  the  LABI 
WILLIAM  flights  that  intercepted  this  material  also  intercepted  tha 
trailing  material  from  aarllar  olouds,  and  it  ia  not  possible  to 
distinguish  tha  landing  adga  of  tha  Easy  cloud.  Tha  portion  of  tha 
cloud  that  start  ad  eastward  above  20,000  faat,  however,  remained  south 
of  tha  araa  of  aarllar  contamination  and  was  clearly  dalinaatad  by  tha 
LAU  WILLIAM  flights  from  7-11  NovMber  1951  (Figures  3.36-3.43). 

Since  tha  cloud  that  moved  along  tha  Oulf  coast  was  initially  a bora 
20,000  faat,  any  material  collactad  at  lower  alti.u'aa  was  from  tha 
fallout  curtain. 

figure  3.44  is  a  tine  cross  section  of  the  core  of  tha 
Easy  cloud  as  it  passed  tha  64th  Meridian,  constructed  in  tha  ease 
aanner  as  tha  tine  saotiona  for  tha  earlier  clouds  (Figures  3.11  and 
3.29).  Tha  position  of  tha  debris  intercepted  at  25,000  faat  on 
1200  OCT  And  1500  OCT,  7  November  is  in  excellent  agreement  with  tha 
aataorologioal  trajectory  for  this  level,  so  it  is  probable  that  some 
of  this  notarial  sored  essentially  at  that  level  from  tha  burst  site. 
At  tha  same  time,  a  oartain  amount  of  this  notarial  moved  vertically 
from  adjacent  lava  •  but  for  two  reasons  tha  amount  of  material  from 
other  levels  is  believed  to  have  bean  Mall. 

First,  experience  with  other  test  clouds  indicates  that 
the  great  length  at  any  given  level  is  due  to  debris  moving  at  various 
altitudes  (and  therefore  at  different  speeds)  and  subsequently  moving 
to  a  cameos  altitude.  Had  large  amounts  of  debris  from  other  levels 
moved  to  the  25,000-foot  level,  the  cloud  would  probably  have  bean 
much  longer  and  could  not  have  passed  the  64th  meridian  in  five  to 
aix  hours. 


Second,  the  earliest  interception  at  25,000  feet 
(Figure  3*37)  showed  no  activity  greater  than  6000  cpm  per  half  hour 
filter  in  spite  or  the  ract  that  a  high  iavai  of  radioactivity  can 
ha  produced  by  fallout  alone  (see,  for  exanple,  the  discussion  of 
the  WIBTBt  Charlie  cloud  in  connection  with  Figure  3.21).  This  ia 
ooaaistent  with  the  meal  1  amount  of  aeterlal  that  initially  atarted 
eastward  between  20,000  end  35,000  feet. 

It  will  be  noted  that  aftar  the  abaence  of  debrie  at 
25,000  feet  at  1600  and  2200  OCT  of  tha  7th,  Material  was  again  inter¬ 
cepted  after  0200  OCT  of  the  6th.  This  debris  must  have  atarted  at 
high  elevations,  but  descended  below  25,000  feet  and  traveled  for  a 
oensidarable  parlod  before  being  again  carried  aloft  to  the  25,000-foot 
level,  taoh  a  path  aust  be  asauaed  for  this  dsbrls  sines  jg  combination 
of  the  winds  observed  in  the  troposphere  above  20,000  feet  during  the 
period  of  travel  yields  an  average  speed  as  low  as  that  of  this  material. 
The  slower  wind  speede  observed  In  the  lower  levels  of  the  atmosphere 
would  aooount  for  the  delay  in  arrival  at  the  64th  meridian.  For  this 
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reason,  ws  must  ooncluds  that  asbris  collected  et  25, 000  feet  early  on 
ths  6th  was  below  25,000  feet  durlrvf  the  ?th.  Large  Mount*  of 
material,  than,  vust  bar*  passed  down  through  th»  25,000-foot  1*t*1, 
perhaps  over  Taxes  and  Maw  Mexico.  Over  the  Qulf  of  Nsxtoo  vertical 
Motions  carried  the  Material  up  to  25,000  feet  where  it  was  intercepted. 
This  trailing  cloud  was  wider  than  the  cloud  that  was  first  iotsroepted, 
as  would  be  expected  from  considerations  of  wind  shear  and  eddy  diffusion. 

At  the  tina  the  fallout  curtain  was  intercepted  at  10,000 
feet  (2000  OCT  7  Rovenber),  there  waa  sufficient  directional  shear  in  the 
winds  below  20,000  feet  to  pared  t  an  eetiaate  of  the  aarlM  tiae  con  sowed 
in  the  vertical  transport  of  this  material.  The  LARK  WILLIAM  flights 
illustrated  in  Figures  3.37  end  3.38  indicate  that  the  southern  edge  of 
the  cloud  at  10,000  faet  was  no  more  than  60  nautical  miles  south  of 
the  southern  edge  of  the  cloud  at  25,000  feat.  The  velocity  oonpoosnt 
froa  the  north  in  the  15,000-foot  layer  under  consideration  waa  appraxi- 
■stsly  7  knot#  (averaged  over  either  six  hours  or  12  hours),  so  it  ia 
probable  that  the  material  waa  below  25,000  feat  a  sail—  of  10  to 
12  hours  before  it  was  intercepted  by  the  filter  flights.  This  tins 
requires  a  naan  vertical  .ran*  port  of  21  to  25  f<  it /minute.  It  shodld 
be  pointed  out  that  this  rough  estimate  gives  a  kuslma  rata  of 
vertioal  transport.  The  data  are  not  sufficiently  accurate  to  estimate 
a  mnviw  rata,  nor  ia  there  any  indication  as  to  whether  this  vertioal 
transport  affected  the  bulk  of  the  material  or  only  a  snail  percentage 
of  the  material. 

At  15,000  feet  the  LARK  WILLIAM  flight  13  (rigure  3.39) 
intercepted  debris  of  high  activity  at  25°M.  Debris  at  15,000  feet 
oo'.vld  have  arrived  at  this  low  latitude  at  that  tine  only  by  novli* 
consistently  down  from  20,000  or  25,000  feet  since  buret  time.  This 
corresponds  to  a  net  vertioal  transport  of  lass  than  three  feet  per 
minute. 


Figures  3.45,  3.46  and  3.47  illustrat#  the  distribution 
of  radioactive  debris  at  various  altitudes  and  times.  Figure  3.45 
represents  the  Rasy  cloud  at  25,000  fast  as  of  1800  OCT  7  Mot saber 
1951,  as  well  as  some  debris  from  earlier  tests.  It  should  again  b# 
mphs sited  that  cloud  arses  extrapolated  very  far  froa  the  flight  11ns 
must  be  regarded  as  oruds  approximations.  The  25,000-foot  areas  shown 
in  Figure  3.45  are  a  ossa  in  point.  The  uncontaainated  area  at 
25,000  faet  Immediately  west  of  the  cloud,  shown  at  90°W. ,  has  been 
discussed  in  connection  with  the  tine  cross  section.  As  was  mentioned, 
it  appears  reasonable  that  at  1800  OCT  of  the  7th  ths  debris  west  of 
the  84th  meridian  was  below  25,000  feet  and  for  that  reason  Figure 
3.45  shows  only  one  area  of  debris  froa  ths  Rasy  cloud,  although  it 
la  possible  the  Rasy  aloud  was  at  25,000  feet  over  ths  Texas  falf 
Coast. 
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The  ares  of  contamination  northwest  of  the  Easy  cloud 
was  evidently  divided  into  two  branches  by  &  oairow  Jet  of  high  winds. 
Wind  speeds  in  iha  ir.ois  l*b*ll*d  "Activity  from  earlier  burst"  in 
Figure  3.1*5  weie  approximately  50  knots  at  that  time,  while  in  the 
un contaminated  strip  wind  speeds  exceeded  100  knots. 

Figure  3.46  shows  the  cloud  s.ispe  at  700  mb  as  of  1800 
OCT  7  November  1951.  Wo  doubt  contamination  from  earlier  bursts  1*7 
north  of  this  cloud  but  no  filter  data  are  available  to  indicate  if 
there  was  a  definite  separation  from  the  Kasy  material  as  at  upper 
levels.  The  smell  core  of  great  activity  shown  at  90°W  was  discussed 
in  connection  with  Figure  3.44.  This  7 00 -mb  cloud  was  composed  of 
debris  that  diffused  laterally  as  it  moved  downward  from  higher  levels. 

Figure  3.47  represents  the  cloud  at  25,000  feet  as  of 
1800  OCT  8  November  1951.  A  dashed  line  representing  the  path  of  a 
constant-level  balloon  is  also  shown  and  is  discussed  below. 

The  paramount  feature  of  this  figure  is  the  comparatively 
narrow  cloud  of  mat  rial  from  the  Easy  burst,  separated  from  the 
activity  to  the  north.  The  path  of  the  Easy  cloud  was  nearly  west 
to  east  for  over  1000  miles  whils  much  of  the  residual  debris  located 
30°  to  35°N  came  from  much  higher  latitudes.  The  confluence  of  these 
two  streams  of  air  is  unmistakable  because  we  have,  fortuitously, 
independent  tracers  in  these  two  currents.  The  Easy  cloud  narks  the 
southern  air  current  while  a  constant-level  balloon  floating  at  30,000 
feet  marked  the  northern  stream.*  It  had  been  launched  at  Minneapolis 
on  the  7th  and  crossed  the  84th  meridian  midway  between  the  times  of 
Figure  3.45  end  3.47. 

The  unconteminated  area  between  the  Easy  cloud  and  the 
material  to  the  north,  was  the  axis  of  the  Jet  of  high  winds  discussed 
in  connection  with  Figure  3.45. 


*  This  balloon  flight  was  nunbsr  645,  launched  from  the  University  of 
Minnesota  airport  or.  1913  OCT  7  Wovsaber  1951.  This  flight  at 
30,000  feet  was  one  of  the  regular  balloons  in  the  General  Mills 
program  and  had  no  actual  connection  with  the  BUSTER  tosts.  This 
trajectory  la  included  on  this  figure  because  it  is  a  verified 
flight  path  (aircraft -tracked)  that  is  representative  of  part  of 
the  debris  froa  earlier  tests. 


3  ,  (*  Irtlttal  Movement  of  the  BUSTfcli  Easy  Cloud.  Detonation  at. 
1630  OCT  5  Noreeiber  1951;  aaximu*  height,  50,000  feet. 
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Pig.  3.35  Trajectories  of  the  Primary  Cloud  from  BUSTER  Easy 


Fig.  3.37  LARI  WILLIAM  II,  7  HoT*»b«r  1951 
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3.39  UB.I  WILLLftt  13,  8  fiombtr  1951  -  fir*t  P»rt 


Fig.  3.44  TlM*-Altltod«  Cr»ss  Ssction  at  tbs  84th  Msrldian  tar  Kasjr 


Pig,  3.45  Areas  of  Radioactive  Debris  at  400  mb  (24,000  Feet)  at  1800  GOT  7  November  1951 


Area 3  of  had:  oactive  Debris  at  rb  (24,000  Feet)  at  1800  GO?  8  November  1951 


3.5.4  Cl at rt button  of  Radioactive  Debris  at  tha  Ground 

Ail  inspection  of  Figure  3.35  tdll  ah  cm  that  tha  upper 
level  trajectories  carried  tha  Rasy  debris  along  tha  routhan  limit 
of  ha  surface  monitoring  network.  Since  no  southerly  winds  existed 
in  che  lower  10,000  to  2C,OCO  feet,  tha  only  stations  that  could 
hare  collected  material  from  the  Rasy  buret  are  Dal  Rio  and  Corpus 
Chricti,  Texas,  and  Taape,  Flo. -Ida.  Mo  precipitation  occurred  at 
the  tine  the  high-level  cloud  passed  overhead,  so  if  any  aaterial 
we  collected  at  the  surface,  it  was  brou£it  down  by  turbulent 
diffusion  and  gravitational  settling. 

The  trey  sample  at  Del  Rio  taken  froa  1645  OCT  5 
SJcwmbor  to  1645  OCT  6  November  1951  showed  a  significant  increase 
of  activity  (Figure  A, 19).  Since  all  upper  level  portions  of  the 
Easy  cloud  had  passed  overhead  before  the  end  of  that  ewipling 
period  it  would  seen  logical  to  associate  this  activity  with  the 
Seay  cloud.  Eras 1  ration  of  the  meteorological  evidence  1 add cates 
that  this  ia  not  correct.  Kuch  of  the  air  of  the  ..over  atmosphere 
north  of  this  station  was  ©c.-tamlnated  by  earlier  teats.  On  2300 
OCT  5  Movsaber  a  cold  front  paceed  Del  Rio  and  the  air  from  the 
north  pushed  soul  iwerd  over  the  Kaxican  border.  The  increase  of 
activity  that  occurred  as  the  air  pushed  down  froa  the  contaminated 
area  suggests  very  strongly  that  the  Increased  activity  was  due  to 
residual  debris  froa  other  test;  rather  than  fallout  from  a  elesd 
passing  far  overhead.  Thj  data  from  Corpus  Chrlstl  are  smblguoue 
because  the  activity  on  the  tray  increased  from  the  6th  to  the  ?ih 
but  at  the  same  time  th-c  activity  on  the  gummed  paper  decreased. 

Zt  can  only  be  stated  that  in  general  the  data  from  Dad. 
Rio  end  Corpus  Christ!  suggest  that  the  samples  collected  on  the  6th 
and  7th  were  not  debris  from  the  Rasy  c  • 

The  trey  can pie*  collected  at  Tampe,  Florida  during  the 
period  fror  /-15  Hovsmber  1951  (Figure'',  A. 20  -  A. 2d)  did  net  show  any 
eignifioanv  increase  of  activity  evan  though  this  station  was  in  the 
most  favorable  position  to  collect  fallout.  It  appears  that  no 
surface  asm  pi  as  of  debris  mm  obtained  from  the  B*ey  burrt.  Vo 
doubt  material  frta  this  burst  mixed  with  the  materS*!  from  other 
bursts  and  was  subsequently  ■'©llecled  at  the  •  urf-.-i  hnt  it  cannot 
be  separated  and  identified. 


3.6  JAWGLS  SURFAvTS 

The  Awfac.  detonation  occurred  at  a?  00  OCT  .19  $8cr«Kb«r  1951. 


"0 


3.6*1  Initial  Cloud  Dimensions 

The  cloud  moved  northeastward,  away  from  the  theodolite, 

30  that  reliable  reports  of  cloud  height  were  easily  obtained.  A 
maximum  height  of  15,000  feet  m3l  was  reached  in  4  minutes  and  45 
seconds.  The  base  cf  the  primary  mushroom  was  11,000  feet.  A  second 
mushroom,  composed  of  surface  dust  in  an  sir  current  which  was  heat  id 
by  the  hot  crater,  formed  and  its  top  reached  a  level  just  beneath  the 
base  of  the  first  mushroom.  In  a  minute  or  two  diffusion  had  closed 
the  gap  between  them,  but  ths  rosy-colored  upper  mushroom  remained 
distinctly  separated  from  the  lover,  grayish- white  mushroom.  Directional 
wind  shear  carried  the  rosy  top  to  the  north-northeast  and  the  lower 
part  directly  northward.  The  clouds  were  observed  to  rise  and  fall  as 
they  drifted  over  the  first  ridge  of  hills.  During  the  period  of 
observation  the  upper  mushroom  grew  f mm  4900  feet  in  diameter  6  minutes 
after  the  burst,  to  9100  feet  after  11  minutes;  to  12,4CO  feet  after  16 
minutes;  and  to  14,400  feet  after  21  minutes. 


3.6.2  Initial  Cloud  Track 

The  topmost  portion  of  the  cloud  was  tracked  directly 
over  Great  Salt  Lake,  Figure  3.46,  while  the  lower  portions  followed 
valleys  toward  the  north.  Further  progress  of  tnia  low  level  cloud 
io  given  in  Section  3.6.4. 


3.6.3  Long-Ranct  Cloud  *V.h 

• 

Long-range  trajectories  of  the  primary  cloud  from  the 
Surface  burst  are  shown  in  Figure  1.a*9  Tor  the  gradient  wind  level 
(2,000-3,000  feet  above  the  surface),  the  ?00-«b  level  (10,000  feet 
■si),  and  the  14,000-foot  teal  level.  (Details  of  the  distribution  oi 
radioactivity  associated  with  the  gradient  level  trajectory  will  be 
discussed  in  Section  3.b.4)  (Figure#  3.50-  *.56)  ITm  two  higher 
trajectoriee  are  based  <.«  data  from  the  LAHt  WILLIAM  flights  17-21 
(Figures  3,50-3.58)  ar.:!  on  the  meteorological  trajectory  from  the  burst 
eite.  At  the  time  of  the  buret,  a  ridge  of  high  pressure  extended  from 
dev  Mexico  northward  into  Canada :  ind  produced  southwesterly  winds 
above  10, COO  feet  over  Nevada.  A»  the  debns  from  the  upper  mushroom 
moved  northeastward,  the  ridge  moved  siotwird  rather  rapidly  so  the1- 
the  primary  cloud  continued  on  a  northeastward  course. 

It  le  probable,  however,  that  some  of  the  diffuse 
material  actually  travelled  with  a  speed  some  5-10  percent  greate- 
than  that  of  the  primary  cicud  at  li.OOC  ft,  passed  the  ridge  line, 
and  moved  southward  before  crossing  thr  -*Lth  meridian.  Such  a  movement 
accounts  for  the  activity  encountered  on  the  LAHK  ULi-lAM  l"1  night 
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(Figure  3. 50)  «t  39%  84°W  on  21  November  at  C415-0445  OCT.  A  decay 
curve  made  by  the  A£C  NYCO?  identified  thi,,  material  as  debris  fro*  the 
Surface  burst. 


figures  3.5V  and  3.60  show  estimates  of  the  contaminated 
areas  at  14,(X)0  feet  and  700  mb,  respectively,  at  1300  GOT  21  November 
1951-  In  both  figures,  the  delineation  of  the  core  of  the  cloud  and 
of  the  activity  in  the  vicinity  of  84  °N  is  fairly  well  fixed  by  LARI 
WILLIAM  flights  17-21  (Figures  3.50-3.56).  However,  the  delineation 
of  activity  in  the  leading  and  trailing  portions  of  the  cloud  is 
subject  to  considerable  doubt  since  no  measurements  of  activity  were 
made  in  these  regions.  The  tongue  of  contamination  reaching  southward 
over  th-  Eastern  States  was  Surface  debris  which  moved  ahead  of  the 
primary  cloud  and  curved  southward.  The  material  indicated  south  of 
the  Cheat  Lakes  ana  in  the  Mississippi  Valley  was  undoubtedly  contami¬ 
nation  from  earlier  bursts.  Delineation  of  the  southern  boundary  of 
the  debris  in  the  southwest  and  west  is  very  uncertain;  the  northwest 
boundary  is  drawn  to  coincide  with  a  marked  wind  shear  in  advance  of 
an  outflow  of  presumably  uncu.itami nated  air  from  the  northwest. 


3.6.4  Diet rioutlon  of  Radioactive  Debris  at  the  Ground 

The  movement  of  the  low-level  debris  from  the  Surface 
burst  was  dominated,  during  the  six  to  twelve  hours  followir*?  the 
burst,  by  the  relatively  strong  south  winds  associated  with  a  high 
pressure  cell  centered  over  northwestern  Colorado.  The  lower  mush- 
rocs*  moved  »!*o«t  directly  northward  through  the  north-south  valleys 
which  are  a  topographic  feature  of  the  region. 

Although  meteorological  observations  are  non-existent 
in  the  immediate  area  frcs  the  Test  Site  north»*rd  to  Elko,  Nevada, 
it  is  possible  to  ’-econstruct  the  probable  path  of  the  low-level 
debris  by  considering  the  topography,  the  few  near-by  meteorological 
observations  available,  and  the  mobile  fallout  monitoring  by  the 
team  from  the  AEC  New  Turk  Operations  Office. 

For  the  Surface  burst,  mobile  ground  stations  were 
established  at  Handover,  Delta,  and  Jalt  Lake  City,  Utah,  at  Burley 
and  Idaho  Falls,  Idaho,  and  at  Elko,  Nevada.  The  filters  on  the  dust 
samplers  were  generally  changed  at  frequent  enough  intervals  to  show 
the  time  of  first  arrive!  and  of  maximum  activity,  within  narrow  limits. 


Figure  3.61  shows  the  locations  of  the  mobile  stations, 
as  well  as  some  of  the  Weather  Bureau  stations  used  in  the  routine 
fallout  monitoring  program,  and  gives  the  reconstructed  path  of  the 
debris  at  the  gradient  level.  Shown  at  each  of  the  mobile  stations 
with  significant  activity  is  the  concentration  (d/m/meter3,  extrapolated 
to  the  time  of  collection)  found  on  the  most  active  dust  filter,  and 
the  time  at  which  the  observation  was  made. 

At  Elko,  the  firat  sample  taken  contained  the  greatest 
activity  found  on  any  of  tha  filters,  indicating  that  debris  arrived 
at  this  station  before  the  sampling  began.  However,  the  great  activity 
found  on  the  firet  filter  and  a  onsl deration  of  the  gradient  wind 
pattern,  makes  it  likely  that  this  filter  wr:s  exposed  very  near  the 
time  of  maximum  activity.  A  mean  wind  of  about  35  knots  would  have 
bean  necessary  to  transport  debris  tc  Elko  by  the  time  of  the  first 
sample.  Although  somewhat  lighter  winds  srlsted  near  the  Test  Site, 
there  is  evidence  that  higher  wind  speeds  existed  to  the  north.  The 
channeling  affect  of  the  north-south  ridgss  also  serves  to  increase  the 
wind  speed  in  the  valleys  between  the  Test  Site  and  Klko. 

From  Elko,  the  gradient  winds  Indicated  a  trajectory 
passing  northward  over  Boise,  Idaho,  and  than  northwestward  to  the 
Columbia  River  Talley,  where  the  winds  became  light  and  variable. 

Fallout  monitoring  detected  high  activity  at  Boise  from 
21  to  27  Rovember  and  moderately  high  activity  at  Pendleton,  Oregon, 
on  the  21st  and  22nd  (Figures  A. 34  and  A.35).  The  persistence  of 
debris  in  the  vicinity  of  Boise  can  be  attributed  to  the  light, 
variable  surface  winds  tdtioh  existed  throughout  the  period. 

The  absence  of  activity  in  the  mobile  observations  at 
Delta  and  Salt  Lake  City  if  a  result  of  discontinuing  the  observation 
before  the  arrival  of  the  debris.  For  example,  at  Salt  Lake  City, 
operations  continued  only  until  IdOO  OCT,  20  November,  and  showed  no 
significant  activity.  However,  the  routine  fallout  monitoring  at 
time  Balt  Lake  City  Weather  Bureau  station  shows  increased  activity 
during  the  two  succeeding  21-hour  periods. 

In  addition  to  the  ares  of  persistent  activity  near  the 
ground  in  the  vicinity  of  Bolffl,  another  area  of  pronounced  activity 
occurred  in  the  eastern  Dakotas,  Nebraska,  and  western  Minnesota  on 
21  November  (Figure  A. 34).  Although  beet  defined  on  the  21st,  this 
area  of  high  activity  can  be  followed  as  it  moved  eastward  to  the 
coast  on  the  22nd  and  23rd  (Figures  A. 35  and  A. 36).  An  Interesting 
feature  of  this  activity  Is  that  the  surface  weather  map  indicated 
an  outbreak  of  fresh  polar  continent  il  &  r  from  northern  Canada 
uhich  would  be  expected  to  be  uncontamir  ted.  At  1830  GCT  on  the 
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fig.  3.48  Xnltitl  Momut  of  ttM  JAHOJ5  Cloud.  D*tcn»tian 

«t  1700  OCT  19  Ror«sb«.r  1951;  — Jdmm i  h«i«ht,  15,000  t*ct. 
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,  3.50  LAM  WILLI AK  17,  21  Wov*«b«r  1951 
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M*.  3.51  URK  WILLI  AM  18,  21-2 2  Norayr  1951  -  Northbound 
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FI*.  3. 52  UBX  WILLIAM  18,  21-22  Ro>wt«r  1951  -  Southbound 
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LARK  WILLIAM  19,  21-22  Korea  b«r  1951  Worth  bound 


LARK  WILLI  W  19,  21-.2  No*«*b*r  1951  -  Southbound 


Fig.  3.56  LARK  WILLIAM  20,  21-22  NoYa»b«r  1951  -  Southbo'ind 


Northbound 


t  of  Lqv-L«t«1  Dsbrla  ix-jm  '  m  Swrfscs  burst 


21st,  the  leading  edge  of  the  polar  air  extended  fro*  the  western  tip 
of  Lake  Superior  southwest werd  to  CMaha,  Nebraska,  and  then  westward 
through  central  Nebraska,  slightly  in  advance  of  the  region  of  aaxlsm 
activity  indicated  in  Figure  A.34.  Since  no  precipitation  of  any 
consequence  occurred  during  the  sampling  period  at  stations  in  this 
area,  such  Material  nuct  have  been  carried  downward  in  the  turbulent 
sons  associated  with  the  cold  front. 


3.7 

The  Underground  explosion  occurred  at  2000  OCT  29  November  1951. 


3.7.1  Initial  Cloud  Dimensions 

The  top  of  the  cloud  eolvmn  had  apparently  stabilised 
at  10,300  feet  asl  at  4-1/2  minutes,  but  two  minutes  later  a  snail 
projection  formed  on  top  of  the  cloud,  adding  200  feet  to  the  height. 
Sab  sequent  rising  and  falling  occurred  as  the  cloud  sw>ved  over  the 
ridges  to  the  northeast. 


3.7.2  Initial  Cloud  Track 

The  United  height  of  this  cloud  was  not  sufficient  to 
expose  it  to  very  strong  winds,  so  that  its  movement  was  much  slower 
than  that  of  previous  clouds.  One  tracking  aJ •  plane  was  able  to  make 
numerous  checks  of  the  edges  of  the  upper  cloud,  yielding  a  very  accurate 
cloud  path  for  the  short  period  of  operation  as  shown  in  Figure  3.62. 

The  lower  cloud  hung  beck  and  the  trailing  edge  remained  at  or  near  the 
detonation  point  for  several  hours  before  moving  slowly  northward.  When 
the  nocturnal  drainage  current  reestablished  itself,  sons  of  this  debris 
moved  beck  southward  over  the  Control  Point  and  camp  areas. 


3.7.3  Lona-Ranxe  Cloud  Path 

A  trajectory  of  the  Underground  cloud  at  the  700-mb  level 
is  shown  in  Figure  3.63.  Also  shown  is  the  approximate  path  taken  by 
the  debris  in  the  lower  levels.  This  lower-level  trajectory  will  be 
considered  in  Section  3.7.4. 

The  only  long-range  detection  flight  to  intercept  this 
cloud  was  LARK  WILLIAM  22,  «hown  in  Figures  3.64  and  3.65.  This  flight 
was  dlspatchsd  to  determine  whether  or  not  the  cloud  passed  over  the 
Rocky  Mountains,  and  it  encountered  moderately  strong  activity,  around 
*0,000  epe,  near  Rapid  City,  South  Dakota,  which  can,  without  question, 
be  attributed  to  the  Underground  cloud. 
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The  forecast  that  led  to  this  flight  mss  thus  a  correct 
one,  but  the  forecasting  for  additional  detection  of  thie  cloud  was  lees 
fortunate.  Four  other  flights,  shown  in  Figures  3.66-3.72,  were  Bade 
along  the  64th  meridian  but  were  not  successful  in  detecting  the  cloud. 
Apparently  the  debris  passed  well  north  of  the  latitudes  covered  by  the 
flights. 


3.7.4  Distribution  at  Mill  Si  ibs  Ground 

Km  Hew  York  Operations  Office,  A.E.C.,  established 
special  mobile  monitoring  stations  for  the  Underground  burst  at  Ogden, 
Provo,  Delta,  and  Handover,  Utah;  Elko,  Sereda;  and  Rock  Springs, 

Wyoming.  These  were  in  addition  to  the  regular  network  of  fallout 
monitoring  stations  that  ware  in  operation  throughout  the  series  of 
tests.  The  data  available  from  these  special  monitoring  stations  has 
been  published. 9  These  records  show  a  maximum  of  surface  concentration 
of  debris  at  Elko,  Nevada  -  considerably  to  the  west  of  both  the  tra¬ 
jectory  at  the  700-mb  level  (Figure  3.63)  and  the  path  of  the  cloud 
shown  by  the  close-in  detection  (Figure  3.62).  Meteorological  data  are 
insufficient  to  provide  a  completely  satisfactory  explanation  of  the 
arrival  of  this  debris  at  the  surface  at  this  western  location.  By 
inference  it  must  be  concluded  that  the  channeling  effect  of  the  north- 
soutb  ridges  and  valleys  was  such  that  the  debris  was  carried  northward 
thro*. oh  the  valleys  at  levels  below  10.000  feet.  The  available  winds 
aloft  data  for  stations  near  the  path  that  must  have  been  taken  by  the 
active  material  are  given  for  the  applicable  times  in  Figure  3.73. 

From  the  time-versus-activity  graph  of  the  airborne  debris  at  Elko, 
it  is  apparent  that  radioactive  material  from  the  Underground  burst 
was  at  that  station  within  12  hours  after  the  detonation.  This  requires 
a  movement  at  the  rate  of  approximately  20  knots,  a  speed  somewhat 
greater  than  the  wind  speeds  measured  at  the  stations  nearest  to  the  most 
likely  path  of  the  debris.  It  is  probable  that,  acconpanyli^  the 
channeling  effect  of  the  mountains,  there  was  an  acceleration  of  the  wind 
through  the  valleys  just  as  in  the  period  when  the  Surface  debris  moved 
northward. 


At  Provo,  Utah,  the  data  collected  by  the  air  filtering 
unit  shows  that  ths  peak  activity  recorded  during  the  observation  period 
occurred  only  four  hours  and  forty  minutes  after  the  time  of  the  burst. 
If  this  activity  resulted  from  debris  from  the  Underground  cloud,  it  ia 
necessary  that  it  moved  at  e  rate  of  approximately  60  knots.  Thie  speed 
is  far  in  excess  of  any  wind  speeds  observed  between  the  surface  and 
10,000  feet  during  this  period.  In  view  of  these  reported  speeds,  it 
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seams  unrealistic  to  ascribe  this  peak  in  the  measured  activity  to  the 
Underground  burst.  It  is  more  likely  that  a  local  shift  in  the  wind 
direction  accompanied  by  an  increase  in  speed,  perhaps  a  downslope 
wind  associated  with  the  nocturnal  coolly  by  radiation,  caused  debris 
frca  the  Surface  cloud  to  be  lifted  from  the  surface  and  transported 
to  the  monitoring  station.  Meteorological  data  are  not  available  from 
Provo  so  the  validity  of  tnie  supposition  cannot  be  established. 

The  second  in  the  recorded  activity  at  Provo 

represents  material  which  has  fallen  from  the  primary  cloud  which 
passed  over  Provo  at  approximately  1000  GCT  30  November. 

The  data  collected  at  Ogden,  Utah,  do  not  show  a  clear- 
cut  maximum  of  activity.  Because  cf  the  relatively  short  period  during 
which  measurements  were  made,  it  le  not  possible  to  establish  the 
level  of  background  activity  for  this  region.  It  ia  possible  that  the 
measured  variations  simply  represent  fluctuations  in  the  background 
activity,  although  the  broad  peak  between  approximately  1000  and  1800 
OCT  30  November  probably  resulted  from  debris  from  the  Underground 
cloud. 


Rock  Springs,  ttyomlng,  and  Wendover,  Utah,  the  remaining 
two  stations  for  which  data  are  available,  showed  increases  in  measured 
activity  at  times  which  are  consistent  with  the  available  meteorological 
dat~. 


For  greater  distances  from  the  Test  Site  the  areas  where 
debris  settled  to  the  surface  are  shown  in  Appendix  A  (Figures  A.43- 
A.46).  These  areas  11a  to  the  north  of  the  trajectory  of  the  top  of 
the  cloud,  i.e.  that  part  which  crossed  the  divide.  This  displacement 
results  from  the  winds  in  the  levels  below  10,000  feet.  Figure  3.74 
show*  the  primary  cloud  trajectory  at  the  700-mb  level  during  the 
period  from  0000  OCT  30  November  1951  through  0000  GCT  1  Dec saber  1951, 
the  area  at  the  surface  considered  contaminated  by  debris  from  the 
Underground  cloud  as  of  1700  OCT  1  December  1951;  and  vectors  showii^ 
the  wind  travel  for  the  24-hour  period  1200  OCT  30  November  to  1200  GCT 
1  December  1951,  baaed  on  the  average  wind  frow  the  surface  to  10.000 
feet  at  the  station  where  the  arrow  originates.  As  this  figure  demon¬ 
strates,  debris  was  carrisd  by  the  lower  level  winds  from  tbs  700-mb 
level  to  the  area  of  detection  at  ths  surface.  The  "tail”  of  the 
surface  area  of  detection,  extending  to  the  Pacific  Ocean  over  Medford 
and  lugene,  Oregon,  results  from  th#  affective  downward  transport  of 
residual  activity  in  the  atmosphere  by  the  heavy  precipitation. 

An  eastward  movement  of  the  area  of  contamination  at 
the  surface  was  detected  for  only  four  days  following  the  Underground 
test  (Figures  A.,:, 3  through  A. 46).  Thereafter,  occasional  contamination 
was  detected  at  isolated  stations,  but  this  detection  occurred  during 
periods  of  rainfall  and  cannot  be  directly  attributed  to  the  Underground 
cloud. 
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fig.  3,73  Wind  Obt#rv*tioo»  tor  tb»  Uudwgjvund  Bnr*t 
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CHAPTER  4 


FALLOUT  MONITORING  AT  THE  GROUND 


4.1  INTRODUCTION 


The  distribution  of  radioactive  debris  at  the  ground,  or  nor* 
particularly  the  distribution  of  debris  collected  by  the  monitoring 
devices,  was  discussed  in  part  in  Chapter  3*  There  are  a  number  of 
general  c cements,  however,  which  should  be  made  about  the  techniques 
and  results  of  the  fallout-monitoring  program. 


4.2  Tjjfi  EFFECT  OF  PRECIPITATION  ON  GROUND  CONCENTRATIONS 

The  fact  that  rain  or  snow  can  scavenge  particulate  debris 
from  the  atmosphere  has  long  been  known.  The  measurements  of 
radioactivity  at  the  ground  by  the  fallout-monitoring  network 
provide  additional  evidence  of  this  phenomenon,  and  it  is  possible 
to  study  the  effect  of  precipitation  on  the  three  sampling  devices. 


4.2.1  Fallout  Trays 

The  trays  collect  whatever  debris  falls  in  them  in  the 
absence  of  rain  and  auao  whatever  material  ia  brought  down  by  the 
rain.  Thus,  the  tray  measurements  are  especially  sensitive  to  rain- 
out.  This  is  readily  apparent  from  the  parallelism  between  areas 
of  high  activity,  based  primarily  on  data  from  the  trays,  and,  of  areas 
of  precipitation,  as  seen  in  the  figures  of  Appendix  A. 

A  particularly  good  example  of  this  parallelism  is  seen 
in  Figures  A.4  -  A. 12  in  connection  with  the  movement  across  the  United 
States  of  debris  from  the  third  Russian  burst.  The  first  appearance 
at  the  ground  of  material  from  this  burst  occurred  in  the  State  of 
Washington  on  22  October  1951  (Figure  A.4)  and  it  can  be  seen  that  the 
observed  activity  coincided  almost  exactly  with  the  precipitation 
area.  On  the  23rd  (Figure  A. 5)  the  ssme  coincidence  occurred  in  the 
northwest,  and  a  region  cf  increased  activity  appeared  in  Illinois  - 
again  in  an  area  of  precipitation.  This  asms  phenomenon  was  also 
evident  on  ths  six  succeeding  days.  On  the  23rd  and  24th,  the 
absence  of  activity  over  the  Plains  States,  where  no  precipitation 
occurred  ia  a  striking  confirmation  of  the  importance  of  precipitation 
in  bringing  debris  to  the  ground. 


There  was  a  highly  significant  difference  in  the 
activity  found  on  ths  trays  in  periods  of  no  precipitation  and  in 
periods  with  precipitation.  About  a  tenfold  increase  in  activity  was 
found  to  occur  during  periods  with  over  0.10  inch  of  precipitation  as 
cob  pared  with  periods  having  no  precipitation. 

In  general,  the  wet  tray  provided  a  fairly  large  area  for 
catching  particles,  and  it  provided  a  naans  of  sampling  precipitation 
as  well  -  thus  serving  as  a  measure  of  the  radioactivity  that  would 
reach  the  ground.  However,  for  several  rsasons,  the  d*ts  from  the 
tray  station  were  subject  to  errors.  In  the  first  place,  if  the  tray 
dried  out  -  as  could  occur  in  a  few  hours  on  a  dry,  windy  day  -  all 
the  debris  which  fell  on  the  tray  might  not  have  stayed  there.  Also, 
there  is  always  ths  chance  that  sons  of  the  water  in  the  tray  was 
spilled  with  a  resulting  diminished  count.  Ths  most  serious  fault  of 
the  trey,  however,  was  that  some  of  the  sample  was  frequently  lost  as 
a  result  of  overflowing  in  rain.  An  overflow  on  the  trey  was  designed 
to  collect  surplus  water  in  fi  two-quart  jar,  but  rain  falling  on  a 
surface  of  nearly  9  square  feet  would  quickly  fill  the  overflow  jar. 

For  example,  if  the  trey  was  initially  full  of  water  it  would  take 
only  about  0.10  inch  of  rain  to  fill  the  jar,  and  there  were  often 
large  sections  of  the  country  with  more  than  an  inch  of  rain  in  a  day 
during  the  period  of  the  tests.  The  observers  at  the  •♦“tion 

often  did  not  have  time  to  service  the  trays  every  few  hours  as  would 
be  required  on  certain  days. 

The  difficulties  in  tending  ths  trays  and  the  frequent 
unreliable  measurements  that  resulted  have  led  to  the  abandonment  of 
the  trey  as  a  collection  device  for  future  tests. 


4.2.2  Queued  Paper 

Like  the  tray,  the  guxtmed  paper  collects  debri  s  actually 
deposited  on  a  horisontal  surface.  The  characteristics  of  the  gummed 
paper  are  not  fully  known.  For  example,  the  effect  of  temperature 
and  humidity  on  the  stickiness  has  not  been  investigated.  At  low 
temperature  the  surface  may  not  hold  all  of  the  particles  that  strike 
it.  Snow  may  cover  the  paper  and  prevent  the  adhesive  qualities  from 
acting  effectively.  Also,  the  amount  of  debris  carried  away  in  rain¬ 
water  which  runs  or  spatters  off  the  surface  ia  not  know. 

Preliminary  studies  of  data  from  several  stations 
squipped  with  both  tray  and  gunned  paper  have  shown  that  there  was 
a  significant  positive  correlation  between  the  activity  collected 
by  the  trey  and  by  the  gunned  paper;  that  on  the  average  the  gummed 
paper  was  a  more  efficient  collector  than  the  tray,  and,  further, 
that  in  periods  of  prscipltation  the  gusmed  paper  indicated  proportion¬ 
ately  higher  activity  than  the  trays. 
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As  a  result  of  Its  greater  collecting  efficiency  and 
simpler  operation,  the  gummed  paper  has  been  chosen  as  the  measurii^ 
device  for  radioactivity  deposited  on  a  horizontal  surface  in  future 
tests. 


4.2.3  ii2  Hilar 


The  air  filter  collects  particles  suspended  in,  or  falling 
through,  the  air  rather  than  those  deposited  on  a  horisontal  surface 
and  hence  would  be  expected  to  give  different  results.  The  air-filtering 
device  was  sheltered  so  that  snow  or  raindrops  normally  did  not  Impinge 
upon  the  filter;  debris  contained  in  the  precipitation  was  thus  not 
collected.* 


A  comparison  of  concentrations  reported  by  air-filter 
stations  showed  that  there  was  *  statistically  insignificant  variation 
between  periods  of  precipitation  and  no  precipitation.  In  the  cases 
studied,  the  precipitation  was  of  the  widespread,  warm-frontal  type 
rather  than  of  the  shower  or  thunderstorm  variety.  These  results, 
when  considered  with  the  marked  increase  in  activity  measured  by  trays 
and  guamed  paper  In  precipitation,  can  be  interpreted  as  Indicating 
that  In  steady  rain,  at  least,  dabrls  is  almost  entirely  brought  down 
by  the  droplets  rather  than  in  the  air  surrounding  tha  drops.  The 
effect  of  showery  precipitation  and  the  correspondingly  greater  vertical 
motions  of  the  air  on  air  filter  measurements  remains  to  be  determined. 


4-3  VARIABILITY  OF  RADIOACTIVITY  MEASURED  AT  THE  GROUMD 

A  cursory  inspection  of  the  results  of  the  fallout-monitoring 
program  contained  in  Appendix  A  reveals  large  variations  in  reported 
activity  from  station  to  station.  It  is  important  to  know  what  causes 
such  variations. 


4.3.1  Observations  by  Same  Method 

In  addition  to  the  variation  from  station  to  station  during 
a  given  period,  there  are  great  fluctuations  with  time  of  Observations 
of  the  earns  type  at  s  particular  station.  Even  when  two  trays  were 
placed  side  by  aide,  they  often  gave  very  different  results  during  the 


*  Occasionally,  in  heavy  rain,  the  water  did  get  to  the  filter,  in 
which  cases  the  filter  frequently  burst  and  the  sample  was  lost. 
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mum  period.  The  greatest  variations  are  associated  with  precipitation 
but  significant  anomalous  variations  occur  even  or  day*  without  precipi¬ 
tation.  Several  cauaaa  for  theaa  anomalies  can  be  suggested.  Slight 
dlfferancea  in  exposure,  for  example,  height  above  the  ground,  nature 
of  the  local  terrain,  or  proximity  to  obatructlona  which  might  produce 
local  eddiea,  could  have  a  marked  effect  on  the  amount  of  debris  collected. 
The  deposition  of  a  few  very  active  particles  might  also  affect  one 
■ample  and  not  the  other.  The  care  in  handling  the  collecting  equipment, 
especially  the  treya,  la  also  Important.  The  local  wind  speed  and 
direction  can  also  cause  one  station  to  recalve  much  higher  concentrations 
than  nearby  station*  as,  for  instance,  when  debris  once  deposited  on  the 
ground  is  redeposited  by  local  wind  action. 

Before  the  variability  can  be  completely  understood,  work 
must  be  done  to  determine  the  enact  effects  of  exposure,  microturbulence, 
end  the  local  wind  field. 


4.3.2  Observation!  la  DJUsnoi  lault— nt 

Still  greater  confusion  in  the  interpretation  of  measure¬ 
ments  of  ground  contamination  results  from  tbs  very  different  re suite 
obtained  by  two  eamp11i%  methods  which  are  supposed  to  measure  the 
e e»s  quantity.  The  tray  and  gusmmd  paper  samples  were  correlated,  to 
be  sure,  but  the  scatter  around  the  regression  line  was  very  large. 

The  trey  and  the  air  filter,  of  course,  do  not  measure  the  same  quantity, 
but  would  be  expected  to  show  parallel  results.  Tet  many  times,  even 
In  the  absence  of  precipitation,  these  two  device*  indicate  opposite 
trends  in  tue  activity. 

The  specific  causes  of  such  anomalous  behavior  will  not 
be  known  until  the  various  effects  involved  are  bettor  understood. 


4.30  Ell  Significance  Y»rl*94U.Vl 

The  great  variability  in  the  reported  ground  concentrations 
of  reduoacMvit)  in  both  time  and  *p*:e  is  due  both  to  real  differences 
ir  treospo-t  and  to  fictitious  differences  Introduced  by  sampling 
procedures,  TVs  uncertainty  in  the  sampling  rro-  riurae  stems  from  two 


*0  ibid.  Page  69  and  Appendix  H 
U  ibid.  Pages  70,  71 
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sources:  first,  ths  difficulty  in  asking  ths  observations  carefully 
and,  second,  the  variable  collection  efficiency  under  various  atmos¬ 
pheric  conditions.  While  it  is  true  that  the  data  free  the  trays  and 
gun&ed  paper  are  measures  of  the  activity  falling  to  the  ground, 
there  is  no  My  of  knowing  what  the  exact  relationship  might  be. 

The  uncertainty  in  the  reliability  and  meaning  of  the  tray  and  gummed 
papar  results  precludes  any  satisfactory  quantitative  fallout  or 
rainout  study  at  Ihla  time. 


4.4  BTMME3  0 F  (HOUND  CONTAMINATION 

Even  with  the  many  observations  at  tha  ground  and  from  aircraft 
during  tha  BUSTER  and  JANGLE  taets,  it  waa  not  possible  to  come  to 
any  definite  conclusion  as  to  tha  contaminations  to  bs  expected  under 
given  conditions  and  at  specified  distances  from  the  origin  of  the 
buret.  However,  the  observed  concentrations  at  tha  ground  gave  a 
rough  idea  as  to  what  maximum  concentrations  might  occur  under  test 
conditions  similar  to  those  of  BUSTER  and  JANGLE. 


4.4.1  Extreme  Air  Filter  Measurements 

Tha  highest  air-filter  measurements  outside  the  test 
area,  up  to  4  x  10*  d/m/aeter3,  ware,  logically  enough,  at  Elko, 
Nevada12  only  200  miles  from  tha  Site.  These  resulted  from  tha 
«|A!.'GLB  burets,  which  did  not  distribute  their  debris  to  great  heights 
as  did  tha  larger  weapons.  Bast  of  ths  mountains,  high  values  ware 
found  by  the  eobils  monitoring  teams  in  Tsxas  approximately  000 
d/e/neter3  on  $  November.3-'  The  highest  value  along  the  84th  meridian 
was  that  at  Cincinnati  on  1  November  -  570  d/m/meter3. 

These  extrema  values  are  of  tha  same  order  of  aayiltude 
as  tha  higher  counts  observed  with  aircraft  filters. 


4.4.2  Extreme  Ds posited  Activity 

Tha  highest  activity,  360,000  d/m/foot*/day,  observed  by 
trey  or  gtaseed  peper  wea  that  of  the  tray  at  Rochester  on  1  November. 
Moreover,  Rochester  had  the  greatest  cumulative  amount  of  any  station. 


12  ibid.  Fig.  10 
*3  ibid.  Appendix  B 


There  ia  a  reasonable  explanation  for  the  high  activity  occurring  in 
this  part  of  tha  country.  Sava ml  of  tha  clouds  fro*  tha  burst 
passed  over  tha  Horthsaat  during  paraistant  rains  thara.  Kochaatar 
ia  very  favorably  1 oca tad  to  receive  fraquant  precipitation,  with 
lnrga  lakaa  both  to  tha  north  and  weet,  and  larga  quantitlaa  of  min 
and  anow  fall  thara  during  tha  pariod  of  tha  tasta.  This  doas  not 
explain,  however,  why  Rochester  had  ao  such  more  radioactivity  than, 
eay,  davaland  or  Binghamton.  Tha  explanation  of  thia  ia  rvc*.  known. 
Qba  oan  only  auppoas  that  such  affacta  aa  sxposura,  local  winds,  and 
in  particular  tha  oara  with  which  tha  samples  vara  collactad,  wars 
favorable  for  high  count a. 


4.4.3  IhliU  Possible  Haaard 

The  aud—  possible  deposition  of  radioactivity  at 
tha  ground  la  a  function  of  the  quantity  and  nature  of  radioactivity 
in  tha  cloud,  tha  vertical  distribution  of  tha  debris,  tha  amount  of 
diffusion,  and  tha  affeetivansaa  of  tha  nods  of  downward  transport. 

It  has  bean  shown  that  rain  la  exceedingly  affective  ua  a  naans  of 
producing  tha  doteward  transport.  One  nay,  therefore,  conceive  of  a 
combination  of  conditions  tdiich  would  readily  crests  dangerous 
activity  at  tha  ground.  For  example,  rain  which  occurs  in  and  over 
a  newly  formed  atomic  cloud  might  wash  down  a  vary  large  fraction  of 
tha  debris  to  tbs  ground  and  produce  •  aa  jar  haaard. 

A  second  potential  source  of  high  radioactivity  at  tha 
ground,  one  that  has  recalved  little  attention,  ia  a  low-lsval 
aloud  which  reaches  an  inhabited  area  before  adequate  dilution  takas 
plaee.  Tha  'relatively  high  activity  at  Elko,  Nevada,  fallowing  the 
Surface  and  Underground  burets  illustrates  tha  potential  of  such  low- 
level  transport.  If  all  tha  active  debrla  ware  beneath  a  strong 
temperature  inversion  throu#  which  little  diffusion  ia  possible, 
ana  eight  fihd  surprisingly  high  values  at  points  rvmote  from  tha 
Site.  It  would  be  worthwhile  to  track  tha  lower  portions  of  clouds 
to  ascertain  mors  properly  thv  degree  of  activity  at  these  elevations. 

While  tha  lists  carried  out  at  Nevada  have  not  produced 
any  serious  haaard  at  places  rsmoved  frem  tha  Site  area,  thasa  bursts 
have  occurred  under  conditions  selected  to  prevent  such  haaard.  It 
ia  fait  that  such  caution  should  continue  to  be  exercised  in  tha  future 
since  evidence  collactad  du<*ing  BUSTER  and  JAK31X  indicates  a  potsntlal 
danger. 
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CHAPTER  5 


CONCLUSIONS  AND  RSCCHHafDATKlO 


5.1  OBJECTION  OF  FChSKH  EIPLOSIONS 

The  studies  o f  the  BUSTER  and  JANGLE  ops rations  have  brought  to 
light  several  important  factors  which  Mgr  affect  the  operating 
procedures  of  the  1009th  Special  Weapons  Squadron  for  detectlr^  and 
collecting  debris  from  foreign  atomic  explosion*. 


5.1.1  Difficulties  in  Detecting  Certain  Radioactive  Clouds 

All  dsbris  at  25,003  fast  froa  the  Dog  burst  passsd  the 
64th  meridian  during  a  period  of  no  more  than  10  hours,  and  a van  at 
the  500-mb  level  the  time  ror  passage  of  debris  was  probably  laas 
tha.i  20  hours.  This  means  that  routine  500- ab  flights  at  46-  or  evan 
24-hour  intervale  could  well  fail  to  detect  such  a  cloud  at  a  diatance 
of  1500  nautical  milsa  from  the  source  of  the  buret.  Since  this  cloud 
was  associated  with  relatively  strong  winds  which  exhibited  little 
directional  shear,  it  may  be  advisable  to  schedule  more  frequent 
flights  during  such  meteorological  conditions  If  a  detonation  is 
suspected. 


In  general,  flights  as  close  as  possible  to  a  suspected 
foreign  test  site  are  preferable  if  prompt  detection  and  large  young 
samples  of  debris  are  desire^  hut  it  is  advisable  to  back  up  such 
operations  with  routine  flights  et  greeter  distances  frcm  the  suspected 
source.  This  would  allow  opportunity  for  greater  elongation,  lateral 
spread,  and  vwiMcal  extension  of  the  cloud,  thereby  increasing  the 
probability  of  detection. 


5.1.2  Forecasting  the  Movement  o£  Clouds 

Another  aifjiificant  point  is  the  lack  of  success  of 
meteorological  forecasts  of  cloud  trajectories  under  some  circumstances. 
Sven  over  a  region  with  relatively  dense,  reliable  and  promptly 
available  upper-air  meteorological  data,  it  is  not  always  possible 
to  accurately  forecast  tha  path  of  the  debris. 

A  notable  example  was  JANGLE  Underground  (3.7. :)•  In 
an  attempt  to  delineate  the  cloud  rather  than  to  Insure  detection, 
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four  flights  war*  scheduled,  each  to  Make  several  traversal  across  the 
axpactad  path  of  tha  debris.  Tha  original  foracast  was  In  error,  and 
tha  cloud  passad  to  tha  north  of  tha  area  covered  fcy  tha  detection 
flights.  Had  a  Maximum  range  flight  been  dispatched  f row  Rotdna  Air 
force  Base  toward  tha  north,  tha  cloud  eight  have  bean  intercepted, 
This  case  points  out  tha  ha sard  of  restricting  detection  operations 
to  a  Mall  area  on  the  basis  of  meteorological  forecasts.  Plights 
should  be  planned  with  a  sufficient  aargin  in  their  core  rage  to  allow 
for  considerable  Meteorological  error. 


5.1.3  Identification  gf  Debris 

The  experience  with  Baker  and  Charlie  dmonstrated 
tbs  difficulties  which  aaj  be  encountered  in  distinguishing, 
■staorologi oal 1 y ,  debris  free  a  series  of  consecutive  burets,  even 
though  separated  toy  one  or  nor#  days  in  tins.  Although  Baker  and 
Charlie  were  detonated  two  days  apart,  dabrla  fron  the  two  clouds 
arrived  at  the  64th  Meridian  within  12  hours  of  each  other,  since 
the  Charlie  cloud  attained  a  higher  altitude,  was  carrlad  by  faster 
winds,  end  took  a  wore  direct  path  to  the  flight  line  than  tha  Baker 
debris. 


This  uncertainty  axlsts  to  an  even  greater  extent  In 
connection  with  debris  collected  by  the  surface  Monitoring  network. 
Although  this  network  Is  capable  of  collecting  large  quantities  of 
debris  fron  the  bursts,  the  association  of  s  sea pis  obtained  st  the 
ground  with  a  particular  burst  frequently  Is  not  possible.  This 
results  fron  the  fact  that  aeterlal  fron  successive  bursts,  Moving 
in  different  wind  fields,  can  becoue  Mixed  by  the  processes  of 
diffusion,  fallout,  ar.d  precipitation. 


5.1.4  Operational  IiiiiiiliS 

Whan  special  aircraft  flights  are  contuaplated  for  the 
precise  delineation  of  a  .loud  of  d,. particularly  whan  tha 
timing  of  tha  flights  is  critical,  it  is  advantageous  to  have  the 
Meteorological  office  from  which  trajectory  forecasts  are  to  be  Made, 
located  at  the  airbase  fron  whi<'l  the  flights  are  to  be  made.  Such 
an  errengesmnt  eliminates  toe  unavoidable  communication  delays 
and  permits  a  more  rapid  alteration  of  plans  whan  additional  meteoro¬ 
logical  information  is  received. 
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5.2  CROWD  CONTAMINATION 


5.2.1  The  Effect  of  Precipitation  on  Surface  Contamination 

Precipitation  is  the  dominant  cause  of  deposition  of 
high  concentrations  of  radioactire  debris  on  the  ground  away  from 
the  test  area.  A  real  hasard  to  personnel  night  exist  as  much  as 
several  hundred  miles  from  the  site  of  a  burst  if  rain  occurred  in 
the  region  of  most  concentrated  radioactivity . 

By  far  the  greater  part  of  the  debris  deposited  by 
precipitation  during  the  BUSTER  and  J ANGLE  tests  wat  carried  downward 
in  raindrops.  Whether  the  debris  came  primarily  froti  the  cloud  layer 
where  the  raindrops  originated,  or  whether  it  was  collected  from  the 
air  through  which  the  rain  fell,  has  still  to  be  determined.  Concen¬ 
trations  in  the  air  at  the  surface  were  not  changed  significantly 
during  periods  of  rain.  This  effect  should  be  investigated  not  only 
in  general  rain  areas  but  also  in  showery  typos  of  rein,  which  occur 
more  frequently  in  spring  and  simmer. 


5.2.2  Variability  Measured  Concentrations 

Variations  in  the  measured  concentrations  at  the 
ground  were  large  and  frequent,  and  in  many  cases  could  not  be 
adequately  explained.  Consequently,  the  exact  meaning  or  the  results 
of  the  surface-monitoring  program  is  not  known.  Research  should  be 
undertaken  to  determine  what  specific  meteorological  and  other 
factors  esuse  these  variations. 


5.2.3  Ch*nnejMn»  o£  Low-Level  Debris 

The  channeling  of  tha  cloud  by  the  terrain  near  the 
Teat  Site  was  very  effective,  as  rtiown  by  the  high  counts  measured 
at  Elko,  Nevada,  after  both  JANGLE  burst*.  Under  certain  conditions, 
even  higher  concentrations  might  ejrtst  through  s  layer  severs! 
thousand  feet  thick  and,  with  precipitation,  could  produce  a  real 
hasard  to  personnel  on  the  ground,  for  future  teat*  it  la  ran o— ended 
that  the  lower  part  of  the  cloud,  which  might  be  channeled  by  the 
terrain,  be  tracked  and  that  the  thickness  of  this  portion  of  the 
cloud  be  determined,  in  order  that  the  possibility  of  hasard  to 
personnel  may  be  evaluated.  Additional  wind  observations  should  be 
obtained  in  those  regions  near  the  site  where  no  permenmrt  stations 
exist  and  through  which  the  debris  may  be  enameled. 
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APPENDIX  A 


DATA  FROM  THE  FALLOUT-MJNITCRIKG  NETWORK 


This  appendix  gives  the  data  obtained  from  the  fallout-monitoring 
network  established  by  the  Hew  York  Operations  Office  of  the  AEC. 

The  general  nature  of  the  network  and  the  sapling  techniques  were 
presented  in  Chapter  2  of  the  basic  report  and  are  also  cowered  in 
the  report  of  the  Mew  York  Operations  Office.1  Locations  of  the 
stations  are  given  in  Figure  A.l(  along  with  the  midtins  (OCT)  of  the 
eaepl 1 ng  period  at  each  station  and  the  nodal  used  in  recording  the 
data  on  the  nape. 

The  beginning  tine  of  the  wanpling  period  was  determined  largely 
by  the  work  load  at  each  station  and  hence  differed  from  station  to 
station.  At  any  one  station,  however,  the  sampling  period  began  at 
about  the  sane  tins  each  day.  All  samples  which  Included  1600  GCT 
on  a  given  date  are  recorded  on  the  nap  for  that  date. 

The  Mount  of  precipitation  which  occurred  during  the  amanl|ng 
Period  is  given,. in  inches,  below  the  station  circle.  These  precipi¬ 
tation  amounts  were  obtained  in  noet  cases  from  the  STATION  METEORO¬ 
LOGICAL  SUMARY  (Heather  Bureau  Form  1001  C).  Generally  these  forms 
give  the  hourly  amounts  of  precipitation,  so  that  the  amount  which 
fell  in  any  24-hour  period  could  be  approximated  closely.  In  some 
cases  the  amounts  recorded  are  for  a  different  Weather  Bureau  station 
in  the  earn  city,  or  were  obtained  from  the  six  hourly  surface  obser¬ 
vations.  Snow  has  been  reduced  to  its  water  equivalent. 

The  shading  shows  areas  where  0.01  inch  of  precipitation  or  more 
occurred  during  the  sampl ing  period.  Between  the  sampling  stations 
the  areas  are  only  approximate. 

The  radiological  data  are  essentially  those  included  in  Appendix 
A  of  the  Mew  York  Operations  Office  report  (distribution  of  this 
appendix  is  very  limited)  except  that  samples  extending  over  two  or 
more  days  have  been  omitted.  For  22  October  and  succeeding  days,  all 
data  were  extrapolated  to  t'w  sampling  date  by  the  New  York  Operations 


1  B.S.  Atomic  Energ*  Commission,  New  York  Operations  Office, 
Radioactive  Debris  from  Operations  BPSTSR  and  JAMS*! 
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Office,  on  the  basis  of  sa  (unused  rets  of  deoay  end  the  particular 
burst  sssuued  to  have  been  represented.  The  rate  of  deoay  aiaaed 
(  t-1*2  )  la  only  approvlatatej  and,  sore  significant,  the  Meteorological 
analysis  Indicated  that  debris  had  been  attributed  to  the  wrong  buret  in 
■any  oases.  As  a  result,  ths  extrapolated  concentrations  recorded  are 
often  in  error  by  as  aueh  as  a  factor  of  two.  Considering  the  great 
variability  of  the  oancentrctions,  this  is  an  ineipiifioant  error. 

The  1  sol  lose  Aow  the  approedaate  areas  of  oontnaisation  throughout 
ths  United  States.  The  dashed  end  solid  lines  represent,  respectively, 
the  100  end  1,000  d/s/foot*/day  concentrations  froa  the  trays,  but  were 
also  dram  for  the  roughly  equivalent  values  froa  the  fit  paper  -  400 
and  3,500  d^/foot2/day  -  dwn  the  tray  valuaa  eeened  unrepreesntativo. 


Fig.  A,1  Fallout-Monitorin?  Network.  Kidtin.e  (OCT  of  sampling  period  is  shown  beneath 

station  circle.  ?lottin,?  nodel  for  surface  distribution  maps  is  given  in  inset. 


Fife.  A. 2  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  20  October  1951 


t 


rig.  a  .3  Surface  Distributior.  of  Radioactive  Debris 

and  Concurrent  Precipitation,  21  October  1951 
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Fig.  A. 6  3urfact:  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  21*  October  195' 


Fig.  A.7  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  25  October  1951 


Pig.  A. 9  Surface  Distribution  of  rtacioactive  ~eoris 

and  Concurrent  Precipitation,  27  October  1991 
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icurrent  Precipitation,  28  October  1951 


Pif.  a. 12  jurface  Distribution  of  I-tadioactive  Debris 

and  Concurrent  Precipitation,  30  October  1951 


Fig.  A. 13  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  31  October  1951 


Fig.  A. 14  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,.  1  November  1951 


Pig.  A. 15  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  2  November  1951 
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W*.  A. 16  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  Z  ;*'ovetrb  ?r  1°51 


PI*.  A. 17  Surface  Distribution  f  fUdiontire  Debris 

and  Concurrent  Precipitation,  k  Nor ember  1951 


Pig.  a. 20  3urff.ee  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  7  November  1951 


Surface  Distribution  of  Radioactive  Denris 
and  Concurrent  Precipitation,  8  November  1951 


Fig.  A  ,~>.2  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  9  November  1951 


surface  Distribution  of  ~r.ua inactive  Debris 
and  Concurrent  Precipitation,  10  November  1951 
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Fig.  A. 33  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  20  November  1951 
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Fig.  A. 34  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  21  November  1951 


Pig.  A. 35  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  22  November  195.1 


Pig.  A. 37  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  24  Kov®ber  1951 


153 


r’ifc-.  A. 40  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  27  Novan'oer  l?il 


Pig.  A. 1*2  Surface  Distribution  of  Radioactive  Debris 

and  Concirrent  Precipitation,  29  November  1951 


Fig.  A. 43  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  30  November  1951 


Fig.  A. Uu  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  1  December  1951 
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Pig,  A. 46  .Surface  Distribution  of  Radioactive  Debri3 

and  Concurrent  Precipitation,  3  Lecenber  1951 


Pig.  A. 47  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  4  December  1?51 
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Fig.  A. 50  ourface  Distribution  of  Radioactive  Debri3 

and  Concurrent  Precipitation,  7  Deconber  1951 


?ig.  A. 51  Surface  Dietribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  6  December  195i 


Distribution  of  lodiooetir*  D*rl» 


Pig,  a. 57  Surface  Distribution  of  Radioactive  Debris 

and  Concurrent  Precipitation,  14  December  1951 
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Asst,  Chief  of  Staiiy  u-4»  Depertnant  of  tbs  Arey,  Washington  25, 

D,  C,  ARK:  Research  and  Devslepaent  Division  1-2 

Chief,  Amy  Field  Foresa,  Fort  Monroe,  Fa,  3 

Director,  Operations  Rewearch  QfflvC,  6410  Cenmetlcnt  Aw.,  Chevy 

Chase,  Md.  4 

RAVI  ACTIVITISS 

Chief  of  Naval  Operations,  Deportnent  of  the  Wavy,  Washington  25, 

D.  C.  ATTN:  Op-36  5 

Chief,  Naval  Research j  Department  of  the  Navy,  Washington  25,  D.  C.  6 
Director,  D.  S,  Navel  Research  Laboratory,  Washington  25,  D.  C.  7 

AIR  FORCE  ACTIVITIS5 

Ccmanding  General,  Air  Research  and  Developsnnt  Ccanand,  P.O.  Bar 

1395,  Baltimore  3,  Md.  S 

*  Ciwsr  ling  General,  1009th  Special  Weapons  Squadron,  1712  G  St.  NW, 

Washington  25,  D.  C.  9-65 

Aasiatant  for  Atonic  Energy,  Headquarters,  United  States  Air  Faroe, 

.  Washington  25,  B.  C.  66 

Director  of  Research  and  Development,  Headquarters,  United  States 

Air  Foroe,  Washington  25,  D,  C.  67 

AFSWP  ACTIVITIES 

Chief,  Arsed  Forces  Special  Weapons  Project,  P.O.  Dos  2610, 

Washington  13,  D.  C.  68-76 

Ccnmarding  General,  Field  Comaaad,  Armed  Forces  Special  Weapons 

Project,  P.O.  Boot  5100,  Albuquerque,  N.  Max.  77-79 

C amending  Officer,  Test  Caoaand,  Armed  Forcer  Special  Weapons 

Project,  r.O.  Boot  5600,  Albuquerque,  N.  lex.  80-82 

OTHHt  ACTIVITIES 

Weapon  Test  Reports  ihoup,  TE  83 

,  Surplus  in  TSCR  for  AFSWP  84-304 
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Defense  Special  Weapons  Agency 

6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 


21  August  1997 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

ATTENTION:  OMI/Mr.  William  Bush 


SUBJECT:  Declassification  of  AD-356275L  and  Withdrawal  of 

AD-B951736 


The  Defense  Special  Weapons  Agency  Security  Office  (OPSSI) 
has  reviewed  and  declassified  the  following  report: 

AD-356275L  (WT-308) 

Operation  Buster,  Nevada  Proving  Grounds,  October  - 
November  1951,  Project  7.1,  Transport  of  Radioactive 
Debris  From  Operations  Buster  and  Jangle. 

Distribution  statement  "A"  (approved  for  public  release) 
now  applies. 


Since  AD-356275L  is  now  declassified  and  approved  for  public 
release,  this  office  requests  the  extracted  version  ■(AD-B95L7 3 
WT-308-EX)  be  destroyed  because  it  is  no  longer  applicable . — - — '  ^ 


copy  furn: 


FC/ DAS I AC 
KSC/Alex 


H  JARRE TT 
,  Technical  Resource  Center 


